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Indian Standard
CONNECTORS FOR OPTICAL FIBRES AND CABLES

Generic Specification
NATIONAL FOREWORD

This Indian Standard which is identical with IEC Pub 874-I : 1993KJC 210000 (1993) `Connectors for optical fibres and cables : Part 1 Generic specification' issued by the International Electrotechnical Commiss(on (IEC), was adopted by the Bureau of Indian Standards on the recommendations of the Fibre Optics Sectional Committee, LTD 27 and approval of the Electronics and Telecommunication Division Council. The text of the IEC Standard has been approved as suitable for publication as Indian Standard without deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is particularly drawn to the following: a) b) Wherever the words `Intemational read as `Indian Standard'. Standard' appear referring to this standard, they should be

Comma (,) has been used as a decimal marker while in,lndian Standards, the current practice is to use a point (.) as the decimal marker.

CROSS REFERENCES In this adopted standard, reference appears to certain International Standards for which Indian Standards also exist. The corresponding Indian Standards which are to be substituted in their place are listed below along with their degree of equivalence for the editions indicated: International Standard IEC QC 001001 (1986) Basic rules of the IEC quality assessment system for electronic components (IECQ) IEC QC 001002 (1986) Rules qf procedure of the IEC quality assessment system for electronic components (IECQ) IEC QC 810000 (1992) Fibreaptie branching : Generic specification Corresponding Indian Standard IS QC 001001 : 1988 Basic rules of the IEC quality assessment system #orelectronic components Degree of Equivalence Identical

WCQ)
IS QC 001002 : 1988 Rules of procedure of the IEC quality assessment system for electronic components (IECQ) IS QC 818000 : 1994 Fibre optic ban&ring devices : Genetic specificatlon Identical

ldenticel

The technical committee responsible for the preparation of this standard has reviewed the provisions of the following International Publications and has decided that they are acceptable for use in conjunction with this standard: IEC 27 : 1991 Letter symbols to be used in electrical technology IEC 50 (731) : 1991 International communication IEC 68-l : 1991 Environmental IEC 68-2-l : 1990 Environmental electrotechnical testing vocabulary (IEV) Chapter 731 : Qptical fibre

Part 1 : General and guidance Test A : Cold

testing 7 Part 2 : Tests 5

IS QC 210000 : 1994 IEC QC 210000 : 1993 IEC 68-2-2 : 1974 Envirnmental IEC 68-2-3 : 1969 Environmental IEC 68-2-5 : 1975 Environmental at ground level IEC 68-2-6 : 1982 Environmental `sinusoidal) IEC 68-2-7 : 1983 Environmental steady state IEC 68-2-9 : 1975 Environmental IEC 68-2-l 0 : 1988 Environmental IEC 68-2-l 1 : 1981 Environmental IEC 68-2-l 3 : 1983 Environmental IEC 68-2-l 4 : 1984 Environmental IEC 68-2-l 7 : 1978 Environmental IEC 68-2-27 : 1974 Environmental IEC 68-2-29 : 1987 Environmental IEC 68-2-30 : 1980 Environmental cyclic (12+12 hour cycle) testing testing testing testing testing testing testing testing testing testing testing testing testing testing Part 2 : Tests Part 2 : Tests Part 2 : Tests Part 2 : Tests Part 2 : Tests -Test Pat-t 2 : Tests Part 2 : Tests Part 2 : Tests Part 2 : Tests Part 2 : Tests Part 2 : Tests Part 2 : Tests-Test Test B : Dry heat Test Ca : Damp heat, steady state Test Sa : Simulated solar radiation Test Fc and guidance : Vibration Ga and guidance : Acceleration,

Guidance for solar radiation testing J and guidance : Mould growth Test Ka : Salt mist Test M : Low air pressure N : Change of temperature Test Q : Sealing Test Ea and guidance : Shock Test Eb and guidance : Bump Db and guidance : Damp heat,

Par-t2 : Tests -Test

Part 2 : Tests -Test

IEC 410 : 1973 Sampling plans and procedures for inspection by attributes IEC 617 Graphical symbols for diagrams IEC 695-2-2 : 1991 Fire hazard testing IEC 793-l Part 2 : Test methods Needle-flame test requirements ant : 1992 Optical fibres : Part 1 : Generic specification

IEC 825 : 1984, Radiation safety of laser products, equipment classification, user's guide IS0 129 : 1985 Technical drawings - Dimensioning of execution and special indications IS0 286-l : 1988 IS0 system of limits and fits IS0 370 : 1985 Tolerance dimensions -

General principles, definitions,

methods

Part 1 : Bases of tolerances, deviations and fits

Conversion from inches into millimetres and vice versa

IS0 1101 : 1983 Technical drawings - Geometrical tolerancing - Tolerancing of form, orientation, location and run-out - Generalities, definitions, symbols, indications on drawings IS0 2015 : 1976 Numbering of weeks This standard is intended primarily for use under the IECQ system. A regular Indian Standard for this component could be different, identical or similar to this standard. Only the English language text of the International Standard has been retained while adopting it in this Indian Standard.
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SECTION 1.1

1:

GENERAL

Scope
to fibre optic connector sets and individual components for all types, sizes and structures of fibres and cables. It

This part of IEC 874 applies (i.e. adaptors, plugs, sockets) includes: connector quality

set requirements; procedures; connector sets and individual compo-

assessment

measurement and test procedures for both nents (i.e. adaptors, plugs and sockets).

1.2

Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of this part of IEC 874. At the time of publication, the editions indicated were valid. All normative documents are subject to revision and parties to agreements based on this part of IEC 874 are encouraged to investigate the possibility of applying the most recent editions of the normative documents indicated below. Members of IEC and IS0 maintain registers of currently valid International Standards.

References made to a specific clause or subclause to the reference unless otherwise specified. IEC QC 001001: 1986, Basic Rules

of a standard

includes

all subclauses

of the /EC Quality Assessment

System for Nectfonic

Components (IECQ).
IEC QC 001002: 1986, Rules

of Procedure

of the /EC Qualify Assessment

System for

Electronic Components

(IECQ).

IEC 27: 1991, Letter symbols to be used in electrical technology, IEC 50(731): 1991,

International

Electrotechnical

Vocabulary (IEV) - Chapter 731: Optical

fibre communication.
IEC 68-l : 1991, Environmental

testing - Part 1: General and guidance. testing - Part 2: Tests - Tests A: Cold. testing - Part 2: Tests - Tests B: Dry heat.

IEC 68-2-l : 1990, Environmental
IEC 68-2-2: 1974, Environmental

7
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IEC 68-2-3:

1969,

Environmental

testing - Part 2: Tests -

state.
IEC 68-2-5: 1975, Environmental radiation at ground level. IEC 68-2-6: 1982,

testing - Part 2: Tests -

Test Sa: Simulated

solar

Environmental

testing - Part 2: Tests - Test Fc and guidance:

Vibration

(sinusoidal).
IEC 68-2-7: 1983, Environmental tion, steady state. IEC 68-2-9: 1975,

testing - Part 2: Tests - Test Ga and guidance: Accelera-

Environmental

testing - Pan 2: Tests - Guidance for solar radiation

testing.
IEC 68-2-l 0: 1988,

Environmental

testing - Part 2: Tests - Test'J and guidance:

Mould

growth.
IEC 68-2-i 1: 1981, Environmental

testing - Part 2: Tests - Test Ka: Salt mist.

IEC $8-2-13:

1983, Environmental

testing - Part 2: Tests - Test M: Low air pressure.

IEC

68-2-14:

1984,

Environmental

testing - Part 2: Tests -

Test N: Change of tem-

pefatufe.
IEC 68-2-17: 1978,

Environmental

testing - Part 2: Tests - Test Q: Sealing.

IEC 68-2-27:

1987, Environmental

testing - Part 2: Tests - Test Ea and guidance: Shock.

IEC 68-2-29:

1987, Environmental

testing - Part 2: Tests - Test Eb and guidance: Bump.

IEC 68-2-30:

1980, Environmental heat, cyclic (12 + 12-hour cycle).

testing - Part 2: Tests - Test Db and guidance:

Damp

IEC 410: 1973, Sampling plans and procedures IEC 617, Graphical symbols for diagrams. IEC 695-2-2:

for inspection by attributes.

1991, Fire hazard testing - Part 2: Test methods - Needle-flame

test.

IEC 793-l : 1992, Optical fibres - Part 1: Generic specification.

Radiation safety of laser products, equipment classification, and user's guide.
IEC 825: 1984,

feguirements

8

IS QC 210000: 1994 IEC QC 210000 : 1993 IEC 875-l : 1992, Fibre optic branching
devices - Part 1: Generic specification.

IS0 129: 1985, Technical drawings - Dimensioning methods of execution and special indications.

-

General

principles,

definitions,

IS0 286-l:
and fits.

1988, IS0 system

of limits

and fits - Part 1: Bases

of tolerances,

deviations

IS0 370: 1975, Tolerance versa.

dimensions

- Conversion

from inches

into millimetres

and vice

IS0 1101: 1983, Technical drawings - Geometrical tolerancing tation, location and run-out - Generalities, definitions, symbols.

- Tolerances of form, orienIndications on drawings.

IS0 2015: 1976, Numbering 1.3 Definitions

of weeks.

For the purpose of this part of IEC 874, the following definitions all sectional and detail specifications written to this specification.

apply. They also apply to

1.3.1

Fully intermateable_cormector

set

Connector sets from different sources are considered fully intermateable when connector parts from one source will mate with complementary parts from other sources without mechanical damage and with optical properties maintained within specified limits.

1.3.2

Mechanical

intermateable

connector

set

Connector sets from different sources are considered mechanically intermateable when connector components from one source will mate with complementary components from other sources without mechanical damage but without regard to optical properties.

1.3.3

Interchangeable

connector

set

Connector sets are considered to be interchangeable when they share common installation geometry and have the same functional performance. 1.3.4
Fibre optic connector set

The complete assembly of connector components coupling between two or more optical fibre cables. 1.3.5
Reference.connector set

required

to provide

demountable

A precisely made or selected connector set of a particular type used for measurement purposes. Such a connector set may be in the form of a precision jig incorporated in the test equipment. The performance or selection criterion shall be given in the relevant specification.

IS QC
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1.3.6

Reference connector set component

A precisely made or selected connector set component which is used for measuring purposes (e.g. plug, adaptor, etc.). The component may be in the form of a precision jig incorporated in the test equipment. 1.3.7

Plug-adaptor-plug

configuration

Two plug connectors which mate through an adaptor. The mechanical coupling takes place between plug connectors and the adaptor. A connector set consists of two plugs and one adaptor. 1.3.8

Plug-socket configuration
of one plug and one socket. mechanism are self-contained The mechanical coupling mechain the two connector halves.

A connector set consisting nism and optical alignment

1.3.9

Mating face dimensions
which determine the mating fit between components of an

The dimensions of the features optical connector set. 1.3.10 Mechanical reference

plane

The mechanical reference plane of a fibre optic connector or connector adaptor is a plane which is perpendicular to the fibre axis and is located on a physical feature of the component. It is the datum plane from which all features of the component are measured in the direction of the fibre axis. The mechanical reference planes of the connector and the adaptor should coincide when the two components are properly mated. Accordingly, each should be located on the feature that fixes or establishes the relative position of the two components when they are properly mated. 1.3.11

Connector set kit (fibre optic)
set which is unterminated.

A connector 1.3.12

Pigtail connector set (fibre optic)
and/or socket connector component

An assembly with the plug connector component mounted to one end of a length of fibre/cable. 1.3.13

Patch-cord connector set (fibre optic)
and/or socket connector component

An assembly with the plug connector component assembled on both ends of a length of fibre/cable. 1.3.14

Variant
of details mounting for a particular connector dimensions are examples set component. of variants. Different cable entry sizes

A variation or different

10
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Optical ports which contact each other. 1.3.16 Non-butting optical coupling

Optical ports which do not contact each other. 1.3.17 Expanded beam optical coupling

Optical ports which utilize lens technology.

SECTION 2:

REQUIREMENTS

The requirements for connector sets covered by this specification are specified herein and in the relevant specification. Components furnished to this specification shall be products which are authorized by the NSI for listing on the QPL under he qualification approval procedure in accordance with 11.13.1 of IEC QC 001002.

2.1

Classification sets are classified, either totally or in part, by the following cate-

Fibre `optic connector gories (see table 1).
-

type; arrangement: style; variant; climatic category; environment assessment category; level.

-

See table 1 for an example of a complete connector set classification. 2.1.1 Type

Connector set types shall be defined by four elements: the type name, the configuration, the coupling mechanism and the mating face dimensions. Example of type names: type F-SMA; type BAM.

Examples of configurations: plug-adaptor-plug configuration;

plug-socket configuration.

11
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~Examples of coupling mechanisms: screw thread: bayonet; ~push-pull. Table 1 - Example of a typical COtIfTBCtOf Set

classification

rype

Name: type FSMA Configuration: plug-adaptor-plug Coupling: screw thread Mating face dimensions: . plug: see figure 2' adaptor: see figure 4' Kit

trrangement Style

-

- Fibre retention: adhesive - Cable retention: crimp - Optical coupling: non-butting - Alignment: resilient bushing Twelve l fibre 125 . 140
l

Variants

l

plug permutations of: diameter over the cladding pm pm .200 pm cable jacket diameters .3 mm (0,118 in.) . 3.8 mm (0.150 in.) coupling nut styles: knurl hex

-

Two adaptor variants: l non-mountable (free-hanging) l four-hole flange mount

Climatic

category 55/125/21

Environmental

category - II + level A, B, C and X

Assessment

NOTE

-

l

indicates

figures

in a hypothetical

detail

specification

2.1.2

Arrangement shall define-the delive'red connector set form.

The connector set arrangement

Ex.amples of connector set arrangements: kit arrangement; pigtail arrangement; patch-cord arrangement.

ISQC
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2.1.3

Style

The connector set style shall be defined by four elements: the fibre retention technology, the cable retention technology, the optical coupling technology and the alignment technology. Examples of fibre retention technologies: adhesive fibre retention; crimp fibre retention.

Examples of cable retention technologies: adhesive cable retention; crimp cable retention.

Examples of optical coupling technologies; non-butting; butting; expanded beam.

Examples of alignment technologies: clearance fit alignment; resilient bushing alignment; resilient tip alignment; spherical alignment.

2.1.4

Variant similar components (see 3.2).

The connector set variant defines the variety of structurally

Examples of feature variables which create variants: fibre category (category A, B, . ..).

__ fibre type (core and cladding'diameter); cable type and size; mounting scheme; coupling nut design (hex, knurl, etc.).

2.1.5

Climatic category

Connector sets shall be classified by climatic category. This category defines, in a generalized way, the climatic conditions of cold temperatures, hot temperatures and damp heat for which a component is suited. The components shall be subjected to, as a minimum, the environmental tests of cold (see 4.5.17), dry heat (see 4.5.18) and damp heat - steady state (see 4.5.19).

13
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Climatic category shall be expressed by a series of three numbers separated by oblique strokes corresponding respectively to the temperatures, low and high, and the number of days of exposure to damp heat (steady state) to which the connector set components are assessed. First number: Second number: two digits denoting the minimum ambient temperature (- "C).

three digits denoting the maximum ambient temperature (+ "C). Two digit values shall be prefixed by the digit "0". two digits denoting the number of days of damp heat (steady state). One (1) digit values shall be prefixed by the digit "0".

-

Third number:

Example:

551125121

Low temperature High temperature

-55 "C +125 "C

21 days of damp heat (steady%I!7 state)

The following are preferred values which may be specified.

Low temperature "C

High temperature "C

-

5

- 10

-25 -40
-55 -65

+ + + +

30 40 55 70

+ 85 +lOO +125 +155 +175 +200

2.1.6

Environmental

category set

Connector sets shall be classified by environmental category(ies). The connector environmental category(ies) defines the test sequences used for quality assessment.

Environmental category standards with this document.

are given in the blank detail specifications

associated

14
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Detail specification
mental category.

writers

may add tests and/or

groups

of tests to a particular

environ-

However, the detail specification writer environmental category standard.

shall not remove

tests nor alter the sequence

of an

When a detail specification writer adds tests to a specified category shall be given a plus (+) designation.

category,

the environmental

Example:

Environmental Environmental

category category

II + V +

The blank detail specification
category standards

for environmental

category 99 is available for use where the

are not suitable.

2.1.7

Assessment level

Connector sets shall be classified by assessment level, Assessment level is designated by a capital letter. The following assessment level standards may be used: Assessment level A Group A inspection: Group B inspection: Group C inspection: Group D inspection: inspection level II, AQL = 4 % inspection level II. AQL = 4 % 24-month periods 48-month periods

Assessment level B Group A inspection: Group B inspection: Group C inspection: Group D inspection: inspection level II, AQL=l% inspection level II, AQL = 1 % 18-month periods 36-month periods

Assessment level C Group A inspection: Group B inspection: Group C inspection: Group D inspection: inspection level II, AQL = 0,4 % inspection level II, 9QL = 0,4 % 12-month periods 24-month periods.

One additional assessment level (other than those specified in the sectional specification) may be added in the detail specification. When this is done, capital letter X shall be used.

15
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2.2 .2.2.1

Documentation Symbols and letter symbols shall, whenever possible, be taken from IEC 27 and IEC 617.

Graphical

2.2.2

Specification

system IEC specification system. and detail specifications. Subsidiary specifications This system is shown in

This specification is part of a four-level shall consist of sectional specifications table 2.

Table 2 - Four-level
Specification level Examples of information

IEC specification
to be included

structure
Applicable to:

Basic

Assessment system rules Inspection rules Environmental test methods Sampling plans Identification rules Marking standards Dimensional standards Terminology standards Symbol standards Preferred number series SI units

Two or more component families or sub-families

Generic

Specific terminology Specific symbols Specific units Preferred values Marking Ouality assessment procedures Test and measurement methods

Component family (connector

set)

A group of components Blank detail Quality conformance test schedule Inspection requirements Information common to a number of types having a common test schedule (connector styles) set

Additional

terms

Sectional

Additional test methods Selection of tests Preferred values for: - characteristics - ratings - test severities - dimensions Qualification approval and/or Capability approval procedures

Component sub-family (connector type) set

Detail

Individual values Specific information Completed quality conformance

test schedules

Individual component (connector set style and variants)

16
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2.2.2.1 Sectional

Sectional specifications
specifications shall define connector set types (see 2.1 .l). They shall specify the

following as a minimum: type (see 2.1.1) 0 . .
l

type name; configuration; coupling mechanism; mating face dimensions for intermateability. (see 2.4).

2.2.2.2

quality assessment

procedures

Blank detail specifications a specification level. They are associ-

Blank detail specifications are not, by themselves, ated to the generic specification. Each blank detail specification Each blank detail specification -

shall be limited to one environmental shall contain:

category.

the minimum mandatory test schedules and performance requirements; one or more assessment levels;

the preferred format for stating the required information in the detail specification.

2.2.2.3

Detail specifications shall specify the following as a minimum:

Detail specifications -

type name (see 2.1.1); arrangement (see 2.1.2);

variants (see 2.1 .h); connector set style (see 2.1.3); climatic category (see 2.15); environmental assessment category (see 2.1.6); level (see 2.1.7);

mating face limits of tolerance dimensions (see 2.2.3); qualification procedure method (see 3.3); number for each variant (see 2.6.1); criteria necessary to produce all required

part identification

- drawings, dimensions and performance reference components (see 2.2.4.2); drawings and dimensions

necessary to produce all required gauges (see 2.2.4.3);

quality assessment test schedules (see 2.1.6); performance requirements (see 2.5).
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Drawings shall not restrict

The drawings and dimensions given in sectional and detail specifications details of construction nor shall they be used as manufacturing drawings. 2.2.3.1 Projection system

Either first angle or third angle projection shall be used for the drawings in documents covered by this specification. All drawings within a document shall use the same projection system and the drawings shall state which system is used.

2.2.3.2

Dimensional system

All dimensions shall be given in accordance with IS0 129, IS0 Recommendation 286 and IS0 1101. The metric system shall be used in sectional specifications and detail specifications. Inch dimensions may be added in detail specifications but not in sectional specifications.

Conversion between systems of units shall be according converted, a note shall be added in each detail specification
NOTE

to IS0 370. When units are reading:

`Controlling

dimensions:

(`)".

where (`) indicates millimetres or inches to be entered as applicable. Dimensions 2.2.3.3 shall not contain more than five significant lntefmateability shall be defined in the sectional specification. digits.

The intermateability

2.2.4 2.2.4.1

Measurements Measurement method

The size measurement method to be used shall be specified in the relevant specification for dimensions which are specified within a total tolerance zone of 0,Ol mm (0,0004 in) or less (see annex A). 2.2.4.2 Reference components if required, shall be specified in the relevant specification.

Reference components,

2.2.4.3

Gauges

Gauges, if required, shall be specified in the relevant specification.
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Test data sheets shall be prepared for each test conducted to a detail specification. The data sheets shall be included in the qualification report (see 3.3.10) and in the periodic
inspection report (see 3.4.2.6).

Data sheets shall contain the following information as a minimum: title of test and date; shall also include

specimen description including the type of fibre. The description the variant identification number (see 2.6.1); test equipment used and date of latest calibration; all applicable test details; all measurement values and observations; to provide traceable

sufficiently detailed documentation analysis (see 3.3.8 and 3.4.2.5). 2.2.6 Instructions for use

information

for failure

Instructions for use shall be given by the manufacturer and shall consist of:
-

assembly and termination instructions; cleaning method; additional informaticn as necessary.

2.3 2.3.1

Design and construction Materials Corrosion resistance

2.3.1.1

All materials used in the construction of connector sets shall be corrosion resistant or suitably finished to meet the requirements of the detail specification,

2.3.1.2

Non-flammable

materials shall be specified in the

When non-flammable materials are required, the requirement relevant specification and IEC 695-2-2 shall be referenced. 2.3.2 Workmanship

Components and associated hardware shall be manufactured to a uniform quality and shall be free of sharp edges, burrs or other defects that will affect life, serviceability or appearance. Particular attention shall be given to neatness and thoroughness of marking, plating, soldering, bonding, etc. 2.4 Quality

Connector set components shall be controlled by the quality assessment procedures Of section 3. The measurement and test procedures of section 4 shall be used, as applicable, for quality assessment.
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Connector cation. 2.6

identification

and marking and legibly

Components, associated hardware and packages shall be permanently identified and marked when required by the detail specification. 2.6.1 Variant identification number

Each variant in a detail specification shall be assigned a variant identification number. The number shall consist of the number assigned to the detail specification followed by a fourdigit dash number and a letter designating the assessment level. The first digit of the dash number shall be sequentially assigned to each component type covered by the detail specification. The last three digits shall be sequentially assigned to each variant of the component. Example: Detail specification number I Component type Variant Assessment level QC 210101/US0001-1 --001 A

2.6.2

Component marking shall be specified in the detail specification. The

Component marking, if required, preferred order of marking is:

1) -manufacturer's identification mark; 2) manufacturing date code;
3) manufacturer's part number; number. 4) variant identification 2.6.3 Package marking The preferred

Package marking, if required, shall be specified in the detail specification. order of marking is:

1) manufacturer's
3) manufacturing

identification

mark;

2) manufacturer's part number;
date code (year/week, see IS0 2015); number(s) (see 2.6.1); 4) variant identification 6) assessment 7) environmental 8) any additional level; category; marking required by the relevant specification.

5) family name (see 2.1 .l);
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When applicable, individual unit packages (within the sealed package) shall be marked with the reference number of the certified record of released lots, the manufacturer's factory identity code and the component identification.

2.7

Packaging
include instructions for use when required by the relevant specification

Packages shall (see 2.2.6).

2.8

Storage conditions

Where short-term degradable materials, such as adhesives, are supplied with the package of connector parts, the manufacturer shall mark these with the expiry date (year and week numbers, see IS0 2015) together with any requirements or precautions concerning safety hazards or environmental conditions for storage.

2.9

Safety
equipoutput

Optical fibre connectors, when used on an optical fibre t:ansmission system and/or ment, may emit potentially hazardous radiation from an uncapped or unterminated port or fibre end.

The connector manufacturers shall make available sufficient information to alert system designers and connector users about the potential hazard and shall indicate the required precautions and working practices. In addition, WARNING each detail NOTE specification shall include the following:

Care should be taken when handling small diameter optical fibres to prevent puncturing the skin, especially in the eye area. Direct viewing of the end of an optical fibre or an optical fibre connector when if is propagating energy, is nor recommended unless prior assurance has been obtained as to the safe energy output level.

Reference

shall be made to IEC 825, the relevant

document

on safety.

SECTION Procedures for quality

3:

QUALITY

ASSESSMENT

PROCEDURES consist of:

assessment

and release

of components

qualification quality

approval

procedures inspection

(see 3.3); (see 3.4).

conformance

3.1

Primary stage of manufacture
for connector set components covered by this specifica-

The primary stage of manufacture tion is defined as:
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The manufacturing stage when the parts which aggregated into the product defined in the detail

make up the individual specification. stages is permitted

component(s)

are

Sub-contracting of the primary stage and subsequent of item c) of 11.2.1 of IEC QC 001002.

under

the terms

3.2

Structural

slmllarity

The grouping

of structurally similar components for the purpose of qualification approval and quality conformance inspection is prescribed by the following boundary limits.

Structurally
-

similar components shall:

have identical mating face dimensions; be manufactured from essentially the same materials; be manufactured to essentially the same design; be manufactured utilizing essentially the same processes and methods; utilize the same fibre retention technology (see 2.1.3); utilize the same cable retention technology (see 2.1.3); utilize the same optical coupling technique (see 2.1.3); utilize the same alignment technique (see 2.1.3).

They may: accept various fibre sizes; accept various cable sizes.

The specific grouping of structurally similar components for the purpose of qualification approval and quality conformance testing shall be approved by the National Supervising Inspectorate.

3.3

Quallflcatlon

approval

procedures

Qualification

approval procedures are specified herein and in the relevant specification.

Manufacturers

may qualify complete connector sets or individual components.

Manufacturers -

shall:

comply with the general requirements of clause 11 of IEC QC 001002; of the primary stage of manuof the qualification test

- comply with the requirements for the performance facture (see 3.1) for the components to be qualified; - produce procedures. test evidence showing successful

completion

The procedures ot 3.3.1 and 3.3.2 are alternative methods for qualification as prescribed in 11.3.1 of IEC QC 001002. The detail specification shall specify which procedure is to be used.
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The fixed sample procedure consists of subjecting a sample of specimens sample qualification test sequence as specified in the detail specification. shall be drawn from current production. 3.3.2 Lot-by-lot and periodic procedure

to the fixed The sample

The lot-by-lot and periodic procedure consists of performing the lot-by-lot inspections on a specified number of inspection lots (a minimum of three) taken in as short a time as possible. The periodic tests are then performed on samples selected from at least one of the lots. Samples shall be selected from the lots in accordance with IEC 410. Normal inspection shall be used, but when the sample size is so small that acceptance based on zero defects is implied, additional specimens shall be taken to meet the sample size requirements for acceptance on one defect.

3.3.3

Qualifying specimen

When simultaneously qualifying all components of a set, the qualifying specimen shall be a complete connector set. The optical fibre connector(s) shall be a variant for the smallest fibre core diameter within the range of structurally similar components being qualified.

When separately qualifying an individual component, the specimen shall be a complete connector set consisting of the component(s) being qualified and counterpart component(s). When the component being individually qualified is an optical fibre connector, it shall be a variant for the smallest fibre core diameter within the range of structurally similar components being qualified. When the component being individually qualified is an adaptor connector, the counterpart component(s) shall be a variant for the smallest fibre core diameter within the range of variants specified in the detail specification.

The components being qualified used in current production. 3.3.4 Counterpart component

shall be units produced with equipment

and procedures

Counterpart components shall meet the applicable requirements

of the detail specification.

The requirement for the manufacturer to perform the primary waived for the counterpart components (see 3.3). However, the manufacturer inspection. 3.3.5 Sample size is responsible

stage of manufacture

is

for failures which may occur during testing or

The detail .specification shall specify the sample size for qualification sample procedure.

approval by the fixed
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Following specimens

completion of the group "0" tests for a particular environmental category, for the other groups shall be randomly selected from the group "0" samples.

the

In addition, one specimen be provided. 3.3.6 Preparation

of each component

to be qualified

by structural

similarity

shall

of specimens sizes, types and lengths to be used. manufacturer's instructions for use

The relevant
Specimens (see 2.2.6). 3.3.7

specification shall specify the fibrekable shall be assembled according to the

Qualification

testing shall meet the performance requirements given

Qualification

specimens

in the relevant

specification.
3.3.8 Qualification failures

Manufacturers
failure occurs

shall immediately notify the National Supervising
during qualification testing. If the NSI determines

Inspectorate
that

(NSI) when a
has not

the failure

been adequately explained and corrected, the manufacturer's chief inspector may be directed to conduct a formal failure analysis. When complete, the manufacturer shall prepare and submit a failure report to the NSI. Failure reports shall describe the failure and its cause along with recommended corrective action to be taken. The NSI shall then decide the steps to be taken. All failure reports, including the directions of the NSI, shall be included in the qualification approval report (see 3.3.10). One or more unresolved failures shall be cause for refusal to grant qualification approval

3.3.9

Maintenance

of qualification

approval

Qualification approval shall be maintained for components by continuously them to the quality conformance requirements as specified in 3.4. Qualification approval shall be verified if any of the following conditions exist:

submitting

- the production program is such that the periodic tests cannot be carried out at the specified frequency; - the conformity of the components to the initial qualification approval is doubtful. For example, technical modifications may potentially change the performance of the component; ' a change-has been made to the specification. defined in 11.5.3 and 11.5.4 of

Qualification approval shall be verified by the procedures IEC QC 001002.
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3.3.10

Qualification

report in a qualification approval report in

Qualification accordance

testing results shall be recorded with 11.3 of IEC QC 001002.

3.4

Quality

conformance

Inspection of the lot-by-lot and periodic inspections specified

Quality conformance inspection consists herein and in the detail specification.

Manufacturers shall comply with the general requirements of the rules and procedures governing quality conformance inspection of components (clause 12 of IEC QC 001002).

Lot-by-lot and periodic inspection schedules shall specify established in accordance with 12.3 of IEC QC 001002. 3.4.1 Lot-by-lot inspection a sample

the

groupings

and

shall

be

Lot-by-lot inspection consists of subjecting tests specified in the detail specification.

of specimens

to the groups

A and B

Specimens shall be drawn from each inspection lot in accordance with the specified sampling plan. They shall be drawn in a random fashion without regard to their quality.

Inprocess controls used for inspection

of component parts, unrelated to lot sizes of finished units, may be in lieu of examination of these components in the finished product.

3.4.1 .l

Formation

of inspection

lots lot or of several lots which have been

An inspection lot may consist aggregated under the following inspection

of one production safeguards: of structurally production

lots shall consist over which the

similar lots

production

lots (see 3.2); shall not exceed

the period one month.

were

aggregated

The plan for the aggregation of production the National Supervising Inspectorate. 3.4.1.2 Rejected lots

lots into inspection

lots shall

be approved

by

Specimens found defective during lot-by-lot testing shall be treated in accordance with the requirements of 12.4.1 of IEC QC 001002. Rejected lots may be reworked to correct the defects or to screen them out. The reworked lot shall then be submitted for reinspection using tightened inspection. They shall be separated from new lots and shall be clearly identified as reinspected lots.
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Periodic inspection consists of subjecting a sample of specimens to the groups C and D tests specified in the detail specification. Each group shall be conducted at the period specified for the relevant assessment level (see 2.1.7). The periods shall be maintained relative to each other so that the group D ,inspection replaces the group C inspection at the group D period. 3.4.2.1 Periodic inspection specimen qualified as a set, shall be the same

When periodically inspecting components which were simultaneously the specimen shall be a complete connector set. The components variants which were used for qualification.

When periodically inspecting components which were separately qualified, the specimen shall be a complete connector set consisting of the component(s) being inspected and counterpart component(s) (see 3.3.4). The components being qualified and the counterpart components shall be the same variants which were used for qualification.

The components being inspected shall be units produced with equipment and procedures used in current production. 3.4.2..2 Sample size shall specify the sample size for periodic inspection.

The detail specification

The specimens shall be complete connector sets of a variant for the smallest fibre core diameter within the range of structurally similar components to be inspected. The specimens shall be selected from inspection lots which satisfied the lot-by-lot inspections of 3.4.1 during the time since the previous periodic inspection.

Following completion of the group "CO" or "DO" tests for a particular environmental category, the specimens for the other groups shall be randomly selected from the group "CO" or "DO" samples. In addition, one specimen of each component variant to be inspected by structural larity shall be provided. 3.4.2.3 Preparation of specimens simi-

The relevant specification shall specify the fibrekable sizes, types and lengths to be used. Specimens shall be assembled according to the manufacturer's instructions for use (see 2.2!6). 3.4.2.4 Periodic inspection shall meet the performance requirements given in the

Periodic inspection specimens relevant specification.
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3.4.2.5

Periodic inspection failures

Failures shall be treated according to the procedures of 3.3.8. If a specimen fails to satisfy the requirements of a periodic test, the manufacturer's inspector shall immediately initiate the requirements of 12.6 of IEC QC 001002. One or more unresolved failures shall be cause to withdraw qualification approval. chief

3.4.2.6

Periodic inspection report in accordance with the requirements of 12.4.2

Periodic testing results shall be maintained of IEC QC 001002.

3.5

Certified

records

of released

lots

Detail specifications shall specify if a certified record of released lots is required. When required, the record shall be prepared in accordance with clause 14 of IEC QC 001002 and contain the following information as a minimum: attribute information (i.e. number of components tested and number of defective components) for tests in the sub-groups covered by periodic inspection without reference to the parameter for which rejection was made; - variable information for the change of optical performance as required in the sectional specification. after the endurance test,

3.6

Delayed dellverles

Released components which have been in store for a period longer than two years, unless otherwise specified in the relevant specification, following the release of the lot shall be re-examined before delivery. The re-examination procedure shall be recommended by the manufacturer and be approved by the National Supervising Inspectorate. Re-inspected product may be placed back into stores for another specified period.
NOTE - Where short-term degradable materials, such as adhesives, are supplied with the package of connector parts, the manufacturer shall mark these with the expiry date (year and week number - see IS0 2015) together with any requirements or precautions concerning hazards or environmental conditions
for storage.

3.7

Delivery release before completion of group B tests

When the conditions of IEC 410 for changing to reduced inspection have been satisfied for all group B tests, the manufacturer is permitted to release components before completion of these tests.

3.8

Alternative

test methods

Alternative test methods to those specified in the relevant specification may be used. However, the manufacturer shall satisfy the National Supervising Inspectorate that the alternative method will give results equivalent to those obtained by the methods specified. In case of dispute, only the test method specified in the relevant specification shall be used.
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Only those component parameters which have been specified in a detail specification and which were tested can be assumed to be within the specified limits. It should not be assumed that unspecified parameters will be uniform and unchanged from one component to another. If it should be necessary to control parameters, other than those specified, a new, more extensive, detail specification shall be written and used. The additional test method(s) shall be described and appropriate performance limits and assessment levels specified.

SECTION 4:

MEASUREMENT

AND ENVIRONMENTAL

TEST PROCEDURES

4.1

Standard conditions

The standard atmospheric conditions, including specimen recovery, of IEC 68-l apply. The relevant specification shall specify the pre-conditioning and recovery procedures.

4.2

Specimen including the fibrekable to be used, shall be defined in the relevant

The specimen, specification. 4.3

Cleaning of optical surfaces

Cleaning the optical surfaces is permitted as part of test preconditioning and recovery, unless otherwise specified in the detail specification. Cleaning shall be in accordance with the requirements for instructions for use (see 2.2.6).

4.4

Measurement

procedures shall be selected from

The measurement procedures to be used for quality assessment table 3. Table 3 - List of measurement procedures

Visual inspection Dimensions Examination of products Gauge retention force Engagement and separation Flammability Insertion loss Change in attenuation Crosstalk Ambient light coupling Spectral loss Return loss

forcb

4.4.1 4.4.2 4.43 4.4.4 4.4.6 4.4.6 4.4.7 4.4.6 4.4.9 4.4.10 4.4.11 4.4.12
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4.4.1

Visual inspection Purpose to the design,

4.4.1 .l

The purpose of this procedure is to ensure that the specimen conforms construction and marking requirements of the relevant specification. 4.4.1.2 General description

The specimen is examined to ensure that it contains the proper number and types of components, that the workmanship is satisfactory and that the marking is correct. 4.4.1.3 Apparatus

As required. 4.4.1.4 Procedure the specimen as specified.

a) Pre-condition

b) Visually inspect the specimen to the specified requirements. c) 4.4.1.5 Perform specified recovery procedure. Requirements

The number and type of components which comprise the specimen shall be as specified in the relevant specification. Workmanship shall be in accordance with 2.3.2.

Marking shall be in accordance with the requirements of the relevant specification. 4.4.1.6 Details to be specified shall be given in the relevant specification:

The following details, as applicable, 4.4.2 4.4.2.1

number and type of components; marking; pre-conditioning procedure;

recovery procedure: deviations. Dimensions Purpose

The purpose of this procedure is to ensure that the specimen conforms to the dimensional requirements given in the relevant specification. 4.4.2.2 General description are measured for conformance to the relevant specification.

All size dimensions
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4.4,2.3

Apparatus

When a size measurement method is specified in the relevant specification (see 2.2.4.1), that method shall be used. Otherwise, appropriate measuring instruments may be used.

4.4.2.4

Procedure
the specimen as specified.

a) Precondition
b) c) 4.4.2.5 Measure Perform

the size dimensions. specified recovery procedure.

Requirements
shall be in accordance with the relevant specification,

All size dimensions 4.4.2.6

Details to be specified
details, as applicable, shall be given in the relevant specification:

The following 4.4.3 4.4.3.1

size dimensions;

size measurement
`preconditioning recovery deviations.

methods, procedure;

if required

(see 2.2.4.1);

procedure;

Examination of product Purpose is to examine a specimen for changes which may result

The purpose of this procedure from an environmental test. 4.4.3.2 General description

The specimen is initially examined, using visual techniques, at the time specified in the primary test. After the environmental conditioning, the specimen is again inspected for damage resulting from the conditioning. 4.4.3.3 Apparatus The maximum allowable

Optical inspection instruments may be used as appropriate. optical magnification is five times power. 4.4.3.4 Procedure the specimen at the initial

a) Visually inspect primary test.

measurement

time specified

in the

b) Repeat the inspection at the measurement time(s) specified in the primary test. 4.4.3.5 Requirements or Of

The specimen shall show no evidence of broken, loose, deformed or displaced park cracks, chips or other damage detrimental to normal operation. Marking shall be legible.
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details, as applicable, time; shall be given in the relevant specification:

4.4.3.6

The following initial

measurement

measurement deviations.

time(s);

4:4.4 4.4.4.1

Gauge retention force Purpose members

The purpose of this procedure is to ensure that the characteristics of resilient are satisfactory when it is impractical to specify them using size dimensions. 4.4.4.2 General description

A gauge pick-up weight is used to determine the acceptable retention forces of the resilient member. The method is applicable to either male or female resilient members. 4.4.4.3 Apparatus

The apparatus consists of:
-

`a gauge; solvent(s).

Gauge

A ring type gauge is used for male features and a pin gauge is used for female features.

The gauge is generally produced to the maximum material size of the resilient feature. The gauge shall be defined in the relevant specification. The definition shall include dimensions, material, weight, and the surface hardness and finish for the area of the gauge which the resilient member bears. Solvent The solvent(s) shall be capable of removing all traces of lubricant from the bearing surfaces of the gauge and the resilient member. A solvent shall be selected which will not damage the resilient material of the specimen. 4.4.4.4 Procedure the specimen as specified.

a) Precondition

b) Clean the resilient member with the solvent to remove all traces of lubricants. c) Clean the gauge bearing surface with the solvent to remove all traces of lubricants. d) Insert the gauge into the resilient member and hold the gauge in a vertically ward position for specified time. e) Perform specified recovery procedure. down-
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The specimen shall retain the weight of the gauge for 30 s minimum. 4.4.4.6 Details to be specified

The following details, as applicable, shall be specified in the relevant specification: - gauge characteristics bearing surfaces); gauge weight; maximum allowable gauge insertion force; preconditioning procedure; (dimensions, material hardness and surface finish at the

recovery procedure; deviations.

4.4.5 4.4.5.1

Engagement and separation forces Purpose

The purpose of this procedure is to measure the forces or torques which are required to fully couple or uncouple a connector set. 4.4.5.2 General description

The connector set components are fixtured so that a controlled coupling force or torque can be applied. The force or torque is measured during the entire coupling and/or uncoupling cycle. The procedure is applicable to either twist type or push-pull type coupling mechanisms. 4.4.5.3 Apparatus

The apparatus consists of: a holding fixture(s); a force or torque generator; a force or torque measuring instrument.

Holding fixture(s) The holding fixtures shall be capable of holding the mating components so that they do not influence the measured force or torque value. Proper alignment of the mating components shall be maintained throughout the coupling cycle.

Force or torque generator The force or torque generator shall be capable of smoothly applying the force or torque.
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Force or torque measuring instrument
The measuring instrument shall throughout the coupling cycle. 4.4.5.4 a) b) be capable of continuously measuring the force or torque

Procedure
Pre-condition Position the specimen as specified. in the holding necessary necessary fixture. to mate the the connector connector set. set.

the connector

set components

c) Apply and measure the force or torque The mating time shall be 3 s minimum. d) Apply and measure The unmating time shall e) 4.4.5.5 Perform the specified the force or torque be 3 s minimum. recovery procedure.

to unmate

Details to be specified
details, as applicable, shall be specified in the relevant specification:

The following

-

pre-conditioning recovery

procedure;

procedure; requirements: engagement separation force or torque; force or torque;

performance . . allowable allowable

-

deviations.

4.4.6

Flammability

(fire hazard)
in accordance with IEC 695-2-2.

This procedure 4.4.6.1

is conducted

Purpose
of this procedure is to measure the flammability of materials.

The purpose 4.4.6.2

General description
of time and the ability of the material to

The specimen is exposed to a flame for a period support combustion is noted. 4.4.6.3

Apparatus
consists of: equipment; support for the specimen. with IEC 695-2-2.

The apparatus -

flame generating an appropriate

The apparatus

shall be in accordance
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Procedure in accordance with IEC 695-2-2.

Conduct the measurement
4.4.6.5

Details to be specified shall be specified in the relevant specification:

The following details, as applicable,

-

point of flame application; orientation of specimen;

duration of flame application; pre-conditioning procedure;

recovery procedure; performance . requirements:

allowable burning time;

-

deviations.

4.4.7

Insertion loss Purpose

4.4.7.1

The purpose of this procedure is to measure the decrease in optical power which results when a connector set is inserted into a length of optical fibre. Insertion losses are not entirely caused by connector set inaccuracies. The inaccuracies of the fibre also contribute losses. Variations in the geometry and optical properties of both single-mode and multimode fibres create losses at the junction. These variations exist between different lots of fibres as well as within lengths of single fibre (e.g. core diameter, core to cladding concentricity, numerical aperture, etc.). Obviously, these losses should not be attributed to the connector set. It is impossible, however, to separate them from those caused by the connector set. Test fibre characterktics should therefore be specified in the relevant specification to minimize fibre losses during measurement.

The measurement of insertion loss is complicated because an optical junction exhibits different losses depending on the distribution of the light modes at the junction. Mode distribution at any point in a fibre is a function of the light source characteristics, the type of optical coupling between the fibre and the source, the fibre type and, with the exception of single-mode fibre, the distance that the light travels. Also, when light is injected into a fibre, the cladding carries light modes which are stripped away over distance. It is therefore essential that the launch mode conditions be specified in the relevant specification. For multimode fibres, either a fully-filled or an equilibrium mode distribution shall be specifed. For single-mode fibres, the mode conditions shall be such that Only the fundamental mode propagates at the connector interface and at the detector.

4.4.7.2

General description

A number of methods may be used to measure insertion loss. However, the principle iS basically the same for each method. First, the amount of useful optical power which can
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be transmitted through the cable is measured without the connector set installed. Then the connector set is inserted into the cable and the amount of useful power is again measured. The insertion loss is defined as the decrease in the amount of transmitted optical power and is expressed as a ratio in decibels (dB).

Method 1 is an ideal measurement procedure and is limited to measuring kit arrangement connector sets. It involves making the initial power measurement in a continuous (unbroken and without temporary joints) fibre. The fibre is then broken, the connector set is inserted and the power is again measured. Method 2 is also limited to measuring kit arrangement connector sets. However, in contrast to Method 1, it uses a temporary joint which allows the initial fibre to be re-used for additional measurement. Methods 3 and 4 are limited to measuring pigtailed arrangement connector sets and involve the use of temporary joints. Kit arrangement connector sets may be measured using these methods but they shall first be terminated to fibre creating pigtailed arrangements for measurement and test purposes. Method 5.is limited to measuring patch-cord arrangement connector sets, but is a special case which simply consists of cutting the cable to create two pigtailed arrangements which can be measured using either method 3 or 4. It is therefore considered a destructive measurement for patch-cord arrangements.

Methods 6, 7 and 8 are limited to measuring patch-cord arrangement connector Methods 6 and 7 involve the use of reference components; method 8 does not.

sets.

Method 9 is a special case limited to evaluating a connector set adaptor by measuring the insertion loss of two reference connector plugs while mated with the adaptor.

Figure 1 gives a brief summary of the various methods above described.
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Method 1

Description Defines an ideal measurement to be used in case of dispute between user and supplier. Limited to kit arrangements

Schematic L 1) Ll 2) L2

2

Uses one temporary joint. Limited to kit arrangements

Ll 1)-aLI 2)

TJ

L2 L2

3

Uses two temporary joints. Limited to pigtail arrangements

Ll 1) -=-o2)&.q-+z-

TJ

L3

TJ

L2

4

An alternative to methods 2 and 3. Intended to minimize ambiguities created fibre parameter mismatching and temporary joints

by

l)LZ--m2 LI 2)_._5+=+

TJ
cut

5

Limited to patch-cord arrangements. Creates two pigtail arrangements by cutting then using either method 2 or 3. Destructive for patch-cords.

and

l)

w

2, D----s--u cut

6

Alternative to method 5 but is non-destructive. Uses a standard reference connector set

l)

+ m

+

2, ---I

t----

7

Limited to pigtail or patch-cord arrangements. Uses a standard reference connector set

1) ____ 1

8

Limited to patch-cord arrangements. It ensures random mating of connectors reduces the time involved in measuring large number of patch-cords.

and a

`)-l15-G7b 2, acez"

`lb 3) _oC~~~r;-_a

`Pa

C2b

9

Limited to measuring adaptors. Uses a standard reference connector of a plug-adaptor-plug arrangement

set

1) ~$+---

2)-I& A

Figure 1 - insertion loss measurement methods 36
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4.4.7.3

Apparatus consists (S); (D). apparatus is required depending upon the method used: of:

The apparatus -

a light source a light detector

In addition, -

the following

temporary a cladding a reference

joints (TJ); mode stripper connector (CMS);

set.

Ligtit source:

a) the output
NA of the fibre used;

radiation pattern shall have a numerical aperture (NA) greater than the used and a spot diameter greater than the core diameter of the fibre device wavelength tolerance) shall meet the 1 power over a time duration long enough to

b) the operating wavelength (including wavelength of the fibre or fibres used; c) it shall be stable within complete the measurement Light detector:

0,l dB in output procedure.

a) the detector

(and associated electronics) shall be capable of measuring all energy exiting from the fibre and shall be linear at the wavelengths used and over the expected range of power:

b) the resoiution of the detection equipment shall be as follows:

I_...___..._ ____
Cs?-cector

:~::5

set insertion

loss

___-~~

Temporary

joint: loss, be repeatable and have minimum reflection.

a) the joints shall have low insertion

Index matching material may be used; b) the mean insertion loss and standard deviation of the joints shall be specified in the relevant specification.
Cladding mode stripper:

a) the refractive index of the stripping medium shall be chosen to be close to but not less than the refractive index of the outer surface of the fibre; b) the length of fibre in contact with the stripping cladding modes are removed. medium shall ensure that the
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IS QC 210000: 1994 IEC QC 210000 : 1993 Reference connector set: a) the dimensions and parameters shall be specified in the relevant specification;

b) the mean insertion loss shall be specified in the relevant specification; c) the standard deviation of the insertion loss shall be specified in the relevant specification. 4.4.7.4 Procedure

Statistical assessment of insertion loss: The mating accuracies required in relation to material properties, finish and manufacturing tolerances is such that a single measurement of insertion loss does not give a reliable indication of the performance of a given connector set. A significant variation from multiple measurements can be expected regardless of the method used.

A more valid assessment of the performance of a connector set results from calculating the mean and standard deviation of a multiplicity of measurements. The number of measurements and the method for remating the connector when making the multiple measurements depend on the nature of the particular connector family and arrangement. The following procedure for remating shall therefore be followed: a) the connector set shall be completely uncoupled and re-coupled for each measurement; b) non-keyed connector sets shall be relatively rotated 120" between components between multiple measurements made at each position; c) single-keyed position; d) multi-keyed position; connector sets shall have multiple measurements connector sets shall have multiple measurements and

made at each keyed made at each keyed

e) patch-cord connector sets: in combination with the above rotations, reverse the orientation of the patch-cord with respect to the direction of propagation of the light and the fixed plugs and adaptors. The number of measurements to be made relative to the above positions shall be specified in the relevant specification. The.requirements for the allowable insertion loss shall be specified in the relevant specification in terms of the maximum mean loss and the maximum standard deviation of the mean. The calculation of the standard deviation shall be made using the assumption of a statistically normal distribution. General The following procedures apply to all measurement methods: a) the fibre ends which interface with the source and detector shall be prepared such that they are smooth, essentially plane, perpendicular to the fibre axis and shall be clean;
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b) the fibre ends shall be appropriately fixed to the minimize measurement errors due to relative motion; c) the power ing effects; launched into the fibre shall be low enough

source

and

detector non-linear

units

to

to prevent

scatter-

d) precautions shall be taken to ensure that cladding modes are not present at the connector or detector interfaces. Cladding modes shall be stripped either as a natural function of the fibre length or by adding a cladding mode stripper; e) the mode distribution at the connector interface, as specified cation, shall be achieved either as a natural function of fibre equimrium mode simulator or a mode scrambler; f) the test fibre shall relevant specification; be selected to meet the fibre in the relevant specifilength, or by using an as specified in the and prewhen

parameters

g) positional changes of the fibres shall be minimized during the procedure cautions shall be taken not to exceed the specified minimum bend radius; h) precautions shall handling components: be taken not to disturb fibre ends in temporary - shall

joints

i) the fibre lengths (L), (Ll), in the relevant specification. Method 1

(L2), (L3) and (L'l)

- as applicable

be as specified

This method defines an ideal insertion loss measurement. It requires a new length of fibre as well as the preparation and interfacing of the fibre to the source and detector for each connector set measured. a) Configure the initial measurement set-up as shown in figure 2.

PCJ

Figure b) c) Measure power (Po). (L) into sections (Ll)

2

Cut fibre length the connector

and (L2). in flgure 3.

Install

set into the cut fibre as shown
Connector set

Figure 3

d) e)

Properly Calculate

engage

the connector

set and measure as follows:

power

(P,).

the insertion

loss in decibels

a, (dB)

= -10 log [

-

5
Po

1

39

IS QC

210000

IEC QC 210000
Method 2

: 1994 : 1993

This method is similar to method 1 but uses a temporary joint. The joint allows the fibre to be re-used for additional measurements. However, ambiguities can be introduced into the measurement because the quality of the temporary joint determines the accuracy of the reference power level (Po). a) Configure the initial measurement set-up as shown in figure 4.

Figure 4 b) Measure power (Po). c) Cut fibre length (L) into sections shown in figure 5. (Ll) and (L2) and install the temporary joint as

Figure 5 d) Measure power (P,). Remove the fibres from the temporary joint; replace the fibres and measure power (P,) 10 times. e) Calculate the temporary joint insertion loss using the following equation:

a, (dB) = -10 log

1) Average the 10 insertion loss measurements the 10 measurements shall not exceed 0,lO dB.

of step d). The standard

deviation

of

This average is used to check the validity of the temporary joint for subsequent insertion loss measurements and to ensure that the amount of fibre removed with the .connector set after each measurement does not make the original power level measurement (PO) invalid. g) Measure the insertion loss of the temporary joint. The value shall be within two standard deviations of the average calculated in step 1).
NOTE - Skip this step for the original insertion loss measurement.

h) Remove the fibres from the temporary joint and install the connector in figure 6.
Connector set

set as shown

1 c----L2

PI'

Figure 6
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i)
j)

Properly

engage

the connector

set and measure

power

(P,`).

Calculate the connector set insertion loss using the following equation:

aC (dB)

= - 10 log [

-

Pl'
PO

k) Remove the connector set by cutting the fibre and repeat steps g) through j) for additional measurements. The length of fibre to remain on the connector set halves shall be specified in the relevant specification.

Method 3 This method applies to pigtailed arrangement connector sets. It uses two temporary joints. The method depends on the quality of the two joints and the parameters of the fibres and, as a result, it may produce negative insertion loss values. a) Configure the initial measurement set-up as shown in figure 7.

Ib) Measure power (PO).

L,

----I-- ----L-------I
L2 c3

Figure 7

c) Remove fibre (L.J and replace it with the pigtailed figure 8. Connector set
TJ s ---cl
cLl -_I

connector

set as shown

in

TJ D 5

cl-

I-L3--I
Figure 8

d) Properly engage the connector set and measure power (P,). e) Calculate the connector set insertion loss using the following equation:

a, (dl3) = -10 log -

PI
PO

Method 4 This method is intended to minimize the ambiguities created by fibre parameter mismatches and the use of temporary joints. Although it incorporates a temporary joint, the measurement is not dependent on the reproducibility of the joint.
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a)

Configure

the initial

measurement

set-up

as shown

in figure

9.

Connector set TJ s clI----L1 -I

-

I
I.---L2 --_I

Figure 9

W cl

Measure

power

(P,). the temporary joint and the connector set at location (L'l) as

Cut the fibre between shown in figure 10.

donnector TJ s cl-s I

set

I

t

cut

Figure d) ' Remove e) Prepare the connector

10 fibres from the test set-up. as shown in figure 11.

set and its attached Position

the fibre end of (L'l).

it to the detector

Figure 1) g) Measure Calculate power level (Pc). the insertion

11

loss using the following

equation:

a, (dB)

= -10 log [

_

Pt
PO

1
connector set.

Method 5
This method applies to patch-cord connector sets. The cable is cut to the centre, forming two equal pigtailed connector sets. The connector set insertion loss is then measured in accordance with method 3 or 4.

Method 6
This method applies to patch-cord connector sets and uses a reference
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a)

Configure

the test set-up

as shown

in figure

12.

Reference connector set

Figure b) Measure power level (Pc). connector

12

c) Disconnect the reference shown in figure 13.

set and insert the patch-cord

connector

set as

Patch-cord connector set

Figure 13

d) e)

Measure Calculate

power (P,). the insertion loss using the following equation:

a,(dB)

= -1Olog

Method

7 component. sets which It also results

This method applies to patch-cord connector sets and uses a reference allows calculation of the insertion loss of the two pigtailed connector when a patch-cord arrangement is cut in the middle of the fibre length.

a)

Configure

the initial

measurement

set-up as shown
Reference

in figure

14.

component

Figure 14 b) Measure power (PO). (D) and insert the patch-

c) Remove the reference component (R) from the detector cord connector assembly C,- C, as shown in figure 15.
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Figure d) e) Measure Reverse power (P,). connector

15

the patch-cord

assembly

as shown

in figure

16.

Figure f) Measure power the (P,). insertion loss of the

16

g) Calculate equation:

patch-cord

connector

using

the

following

actdB)

=

-lolog[_5] _lolog[$] -x
loss of a connector set as specified in the relevant

where X is the average specification.
NOTE -

reflection

arrangeIf two pigtailed arrangements are to be produced from the patch-cord pigtailed arrangement is ment, the cable is cut in the middle. The insertion loss for each calculated using the following equations: Half "a" ac (dB) = -10 log

Half "b"

ac (d6) = -10 log
[

_

'b
PO

1
the maximum equation: insertion set as specified in the relevant maximum as calculated

If randomly selected connector halves C, and C, are mated, loss of the combination in decibels is calculated by the following

a, (dB) = insertion loss (C,) + insertion loss (C,) - X

where X is the average specification. The most abov.e. prob,able

reflection

loss of a connector

insertion

loss will

equal

one

half of the
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This method applies to patch-cord connector sets. It provides one estimate of the expected average performance that a group of patch-cords (including adaptors, if applicable) will exhibit when placed in a system environment. For multimode cable patch-cord connector sets, average performance only is applicable since the individual loss of a particular patch-cord may be dependent on the position of the cable in the concatenation group. In this method, standard reference connector sets are not required.

The concatenation test shall be run using the number of patch-cords and adaptors specified in the detail specification, prepared according to the manufacturers instructions, unless specified otherwise in the sectional or detail specification. a) Connect the first patch-cord (C,JC,,), source (S) and detector (D), and if specified incorporate an excitation unit (E) and a cladding mode stripper (CMS). Measure and record the output power PO.

Figure 17 b) Disconnect the detector. Add an adaptor, if applicable, (C,,/C,,) to the optical path. Connect the second patch-cord 18). Read and record output power P,. and a second patch-cord to the detector (see figure

Figure 18 c) Disconnect C,, from the detector and insert the next adaptor and patch-cord tested. Measure and record the output power. d) Step c) is repeated adding additional patch-cords existing chain of patch-cords (see figure 19). Measure and record the output power after successive have been installed.
C?b

to be

between additions

the detector

and the

until all assemblies

%a

Figure 19 e) Calculate the individual loss for each patch-cord.
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IS QC 210000 : 1994 IEC QC 210000 : 1993 The insertion loss of the "i"th patch-cord is defined as a, (da) = -10 log [--$ICalculate the average loss of n patch-cords. n c i= 1
= ac(i)
1

]

ac(avg)

n

(da)

where n is the number of patch-cords

to be concatenated.

Method 9 This method is used for testing adaptors adaptor-plug configuration is required. a) Configure the initial measurement A standard reference connector set of the plug-

set-up as shown in figure 20.

Reference connector set r

1

n

s

Figure 20 b) Measure power (P,). c) Remove the reference adaptor measured as shown in figure 21. (RA) and replace it with the adaptor (A) to be

Reference connector plugs p1

l--L,

--I

Figure 21 d) Measure power (P,). e) Calculate the insertion loss of the adaptor (A) using the following equation:

aA (da) = -10 log
[

-

PI
PO

1
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NOTES 1 In this method, the resultant value, aA. is the additional loss that the adaptor under test produces compared to that associated with the reference adaptor in power level (P,). Therefore, this method may yield loss values, aA, that are negative (apparent gain for the adaptor) and care shall be used in interpreting the results. 2) 3) Use lengths of fibre Ll and L2 as specified in the sectional and/or detail specifications. RP: reference plug. RA: reference adaptor.

4.4.7.5

Details to be specified

The following details, as applicable, shall be specified in the relevant specification: method: fibre type; cable type; source type; detector type; launch mode conditions; number of measurements `preconditioning procedure; to be averaged;

recovery procedure; performance requirements: .
l

allowable insertion loss; allowable standard deviation of the insertion loss;

-

deviations.

Additional details to be specified for method 7: length (L); length (Ll); length (L2).

Additional details to be specified for method 2: length (L); length (Ll); length (L2); maximum mean insertion loss of temporary joint; maximum standard deviation of temporary joint insertion loss.

Additional derails to be specified for method 3: length (Ll); length (L2); length (L3); maximum mean insertion loss of temporary joints; maximum standard deviation of temporary joint insertion loss.
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IS QC 210000 : 1994 IEC QC 210000 : 1993 Additional details to be specified for method 4: length (Ll); length (f-2); length (L'l); maximum mean insertion loss of temporary joint; maximum standard deviation of temporary joint insertion loss; power level PO repeatability. details to be specified for method 5:

Additional -

length (Li); length (I-2); method to be used (3 or 4); additional details per selected method.

Additional details to be specified for method 6: length (Li); length (L2); definition of reference components.

Additional details to be specified for method 7: definition of reference components; average reflection loss of connector set.

Additional details to be specified for method 8: length of the patch-cord; the total number "n" of patch-cords to be concatenated; the number of random matings for each connection; the average insertion loss.

Additional details to be specified for method 9: length (Ll); length (L2); definition of reference components.

4.4.8 4.4.8.1

Change in attenuation Purpose which may result

The purpose of this procedure Is to measure the change in attenuation from an environmental test. 4.4.8.2 General description

The transmitted optical power is measured before the primary test conditioning begins. The power level is monitored during and after the conditioning process and the change is
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calculated. The transmitted optical power through a reference fibre environmental test conditioning) is also monitored. Changes in the the reference fibre are attributed to instabilities in the source and/or and are subtracted to obtain the final power level change through the

(not involved in the power level through the detector system
connector set.

4.4.8.3

Apparatus

The apparatus consists of: a multi-channel a multi-channel optical power source; detector;

temporary joints for attaching the connector set to the source and detector; mode filters; electronic instrumentation. illustrated in figure 22.

The measurement set-up is functionally

~~~_~~~~~riii:~~
NOTE - The test chamber is defined in the environmental test.

Figure 22

Multi-channel source The multiple channels of optical power may be achieved by using either a single optical source launching power into a power divider or by using a number of discrete stabilized optical sources or by any other mean which fulfils the prescribed stability requirements.

Optical power source The optical power source shall emit wavelengths suitable for the fibres used in the test. The power shall be capable of being modulated or unmodulated as specified in the relevant specification. A light-emitting diode (LED) or a laser diode (LD) with a suitable radiation band are convenient sources.
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Optical power divider The optical power divider shall be capable of dividing the power in constant ratios regardless of input power fluctuations or external influences. The splitting factors need not be equal. Commercially be used. available star couplers, two-channel couplers or custom made devices may

Defectors
The detectors shall be of a sufficient active area and placed sufficiently close to the end of the fibre at the temporary joint to detect all radiation emitted from it. Each detector shall be of the same manufacturer and model and shall be linear within 3 % over the range of optical power to be encountered unless otherwise specified. The individual detectors need not be matched in peak responsivity nor be calibrated absolutely if linearity can be assured.

For unmodulated signals, photovoltaic PIN diodes are recommended because of their linearity and low dark current. These should operate into well-filtered electronics to minimize noise. For modulated low noise and reduce noise. signal to noise signals, photoconductive PIN diodes are recommended because of their good frequency response. These should operate into tuned electronics to Synchronous detection techniques may be employed to achieve maximum ratios.

Temporary joints The temporary joints (TJ), shall be stable within test/measurement unless otherwise specified. Commercially be used. Mode filters Precautions shall be taken to ensure that cladding modes do not affect the measurements. Cladding modes shall be stripped either as a natural function of the fibre length or by adding cladding mode filters. Mode filtering shall be accomplished the test specimen. Calculator Instrument output may be analog or digttal. Read-out devices or recording devices may be multiple-record or ratio, the latter being more convenient. Suggested devices for conversion of the detector outputs to a ratio include digital voltmeters or lock-in amplifiers with after the source power divider and before the input to iO,lO df3 over the course
Of the

available connectors or other means to fulfil the stability

requirements

may
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ratio capability, for an external

voltage divider reference input.

modules,

ratio

amplifiers

or A/D converters

with

provision

4.4.8.4

Procedure

a) Install the reference fibre. The fibre shall be identical to that used with the test specimen and shall be protected from any environmental conditioning that might change its attenuation. b) Install the test specimens. c) Stabilize and record all power levels. At the initial time prescribed in the relevant specification, record the power levels for each specimen and for the reference fibre. This power level is designated Pi. d) At the prescribed time specified in the relevant specification, read the power levels for each test specimen and for the reference fibre. This power level is designated Pt. e) Calculate the uncorrected change in attenuation
using the following

equation:

Uncorrected attenuation

change (dB) = 10 log
[

-

`i

pt

1
change

This calculation

shall be made for each specimen and for the reference fibre. uncorrected change by subtracting the attenuation

f) Correct each specimen's for the reference fibre. 4.4.8.5 Details to be specified

The following details, as applicable, shall be specified in the relevant specification: modulated or unmodulated coherence of source; peak wavelength launch conditions; fibre type and length; cable type and length; reference fibre specification; detector linearity and stability; initial time to read power levels: time to read power levels to evaluate change; performance . requirements: of source; source;

allowable change in attenuation:

deviations.
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In multipatch connectors, cross-coupling of light between optical paths can occur. This procedure gives a measurement of the backward and the forward coupled powers between two optical paths due to the insertion of an optical connector set in a multifibre cable.

4.4.9.2

General description measurement. The

Figures 23 and 24 illustrate the principle of the method for crosstalk cable length (L) is shortened to make the fibre attenuation negligible.

S ct-

TJ -___
`bl

P

Cable
01

Fibre 1 \\

1

T
PII -

/ +

D

Fibre 2

Figure 23 - Cable without connector

Cable S clTJ -__PO

Fibre 1

Figure 24 - Cable with connector The method consists of measuring the crosstalk before and after insertion of the connector set in the cable. The measurements are made for both the forward (Pf,, Pf) and the back-scattering ( Pb,, Pb) crosstalk. Symbols is the optical input power in fibre 1 with connector

Pf
`b

is the forward power output of fibre 2 with connector is the backward power output of fibre 2 with connector
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is the optical input power in fibre 1 without a connector attached is the forward power output of fibre 2 without a connector attached is the backward power output of fibre 2 without a connector attached is the forward crosstalk ratio of the cable without a connector attached is the backward crosstalk ratio of the cable without connector attached

Pbl
PflJPol

`bl"b

The forward crosstalk of the connector set is given by the following equation:

Forward crosstalk (dB) = - 10 log [$-$I

The backward crosstalk of the connector set is given by the following equation:

Backward crosstlak (dB) = - 10 log [%-Z]

NOTE

- When the cross-coupled

optical power is under the detection

limit of the detector,

the crosstalk

can be stated as being below this limit.

A two fibre connector is shown in figure 24. In this case, the measurements shall be made by alternatively using fibre 1 and fibre 2 as the path excited by the source (S) before and after insertion of the connector set. Fo.r connectors of asymmetric optical design, the measurements fibre alternatively excited in both directions. shall be made with each

For connector sets with more than two paths, the selection of the paths to be measured shall be specified in the relevant specification. 4.4.9.3 Appardtus

The apparatus consists of: an optical source (S); a temporary joint (TJ); a length of multifibre cable; a termination (T);

a detector unit (D); the means necessary to prepare and visually control free ends of the fibres.
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4.4.9.4
NOTE

Procedure
- See figures 23 and 24.

a) Energize (S) and (D) for a sufficient time to achieve the stability. b) Select fibre 1 and fibre 2 as given in the relevant specification. c) Prepare the fibre ends by either cleaving or polishing to give surfaces which are smooth and substantially plane and perpendicular to the fibre axis. d) Connect (S) to one end of fibre 1 with (TJ) and connect (D) to the opposite end of fibre 1. When possible, adjust (TJ) to maximize the output power. Avoid disturbing (S) and (D) throughout the measurement sequence. e) At the end of fibre 1 replace (D) with (T). 1) Connect (D) to the end of fibre 2 next to (S) and measure (Pb,). g) Connect (D) to the opposite end of fibre 2 and measure (Pfr). h) Cut fibre 1 approximately 200 mm from (TJ) and measure power (Po,) using (D).

i) Insert the connector set in the middle of the length L of the cable applying the installation procedure given by the connector manufacturer. j) ' Repeat operations d) through h) to measure (P,,). ( Pf) and (PO). k) Calculate the forward and backward crosstalk formulae given in 4.4.9.2. 4.4.9.5 Details to be specified between fibres 1 and 2 using the

The following details, as applicable, shall be specified in the relevant specification: source (S) type, peak wavelength, spectral width and stability; launch conditions; temporary joint (TJ) type and characteristics; detector unit (D) type, spectral response, dynamic range and detector area; fibre type and length (L); cable type and length (6); termination technique (T); performance requirements: 9
l

allowable backward crosstalk; allowable forward crosstalk;

-

deviations.

4.4.10 4.4.10.1

Ambient right coupling Purpose to allow power

The purpose of the procedure is to measure the connector set susceptibility to couple into the optical fibre from external light sources.
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This procedure offers two measurement methods. Method 1 is a direct method which consists of illuminating uniformly from all directions by an external source. the mated connector set

Method 2 is an indirect method which consists of measuring the leakage of light from a mated connector set when the fibre is excited by a laser source. This method presents a larger dynamic range measurement but may not give as exact a value of the ambient light coupling as method 1. 4.4.10.3 Apparatus

The apparatus shall consist of the following: a light source (S);

- a chopper (C). Use a square-wave chopper at 313 Hz or 939 Hz or any frequency that is not an integral multiple of 50 Hz or 60 Hz; a calibrated attenuator (AT), adjustable from 0 dB to 30 dB; a lens; in integrating sphere (IS); an optical scattering plate (F); two detector units (D); a lock-in amplifier (LA); a termination (T);

a length (L) of optical cable; the means necessary to prepare and visually control the free ends of the fibres.

4.4.10.4

Procedure

Method 1 (external light source) Method 1 consists of measuring the ambient light coupled in the fibre before and after insertion of the connector set in the cable. a) Configure the test set-up as shown in figure 25.
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Integrating

,s \,;~qEck---J sphere

Figure 25 b) Energize (S), (C), (Dr), (Do) and (LA) to achieve the stability. c) Prepare the fibre ends of the cable by either cleaving or polishing to give surfaces which are smooth substantially plane and perpendicular to the fibre axis. d) After adjusting the power of (S) to have (P,) close to the detection measure (P,) and (Po). e) Insert the connector set into the cable as shown in figure 26. limit of (D),

P, = PO

Figure 26
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f) If necessary, (p,) and (p,).

readjust the power of (S) to make (P,) equivalent repeat the measurements

to (Po). Measure on each path ,if equation.

g) In the case of a multi-path connector, required by the relevant specification. h) Calculate the susceptibility

to ambient light coupling using the following

Susceptibility

(dB) = - 10 log
[

PC po

pf

1
of the connector set set set set

where pc P, is the optical power level into the integrating sphere before insertion

is the optical

power

level into the integrating

sphere

after insertion

of the connector

P,

is the ambient is the ambient

light coupled light coupled

in the fibre before

insertion

of the connector of the connector

PC

in the fibre after insertion that (P,,)

NOTE

- This calculation

assumes

is equivalent

to (P,).

Method 2 (internal light source) Method 2 consists of making a comparison between the levels of illumination produced in an integrating sphere by the connector set in an unmated condition with that of the connector set in a mated condition. The connector fibre is excited by a laser source. The dynamic range of the measurement set-up is increased by using a variable attenuator at the output of the source. a) Configure the test set-up as shown in figure 27.

Integrating Attenuator

sphere

Source

No. 2

Half connector

set

I
1 1 Lock in amplifier

unit

Figure 27
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b)

Energize

(S), (C), (D), (Do) and (LA) to achieve

the stability. the installation procedure given by

c) Pigtail the connector set with the cable applying the connector manufacturer.

d) Prepare the fibre ends of the cable by either cleaving, or polishing to give surfaces which are smooth, substantially plane and perpendicular to the fibre axis. e) 1) Set (AT) to its maximum Add the remaining attenuation (X,,,,,) and measure (Po).

connector

half as shown

in figure 28.

AT

/

Port No. 2

Connector

set

Termination

_

LA

-

Figure 28
g) h)

Set (AT) to its minimum
Calculate the susceptibility

attenuation

(Xmin) and measure

(P,).

to ambient light coupling using the following equation:

Susceptibility

(dB) = -10 log

+ Xmax - Xmin

where p0 X Nx X InI" p, is the level of illumination is the maximum produced by half a connector set

value of the attenuator

is the minimum value of the attenuator is the level of illumination produced by the mated connector set

4.4.10.5

Details to be specified

Method 1 The following details, as applicable, shall be specified in the relevant specification:
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detector units D, and D, type, spectral response and dynamic range; fibre and cable type and length (L); integrating sphere (IS) dimensions;

optical scattering plate; termination technique (T);

the number and position of the paths to be measured (for a multipath connector); performance requirements:
l

allowable susceptibility;

deviations. Method 2 The following details, as applicable, shall be specified in the relevant specification: source (S) type, peak wavelength, spectral width and power; detector D type, spectral response, dynamic range:
-'

fibre and cable type and length (L); integrating sphere dimensions;

-

attenuator; lens; termination technique;

the number and position of the paths to be measured (for a multipath connector); performance
l

rquirements:

allowable susceptibility;

deviations.

4.411 4.4.11.1

Spectral loss Purpose set

The purpose of the procedure is to measure the spectral loss caused by a connector when it is inserted into a fibre optic cable.

Spectral loss is the loss which is wavelength dependent and it is expressed in decibels. The spectral loss of a fibre optic connector set can be due to the following factors:

-

optical index discontinuity; spectral width or degree of coherence of the light source; end separation and/or surface finish of fibre faces or collimating lenses.
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4.4.11.2

General description

The spectral loss of an uncut fibre is compared with the spectral loss of the same fibre after a connector set is inserted.
4.4.11.3

Apparatus

The apparatus consists of: a light source (S); a monochromator (MC);

a beam splitter (BS); an excitation unit (E); two detectors (D); a lock-in amplifier (LA);

a chopper (C). Use a square-wave chopper at 313 Hz or 939 Hz or any frequency that is not an integral multiple of 50 Hz or 60 Hz.
4.4.1'1.4

Procedure

a) Configure the measurement set-up as shown in figure 29.

Lock in amplifier

_ LA
4

P

0

Figure 29

W

Energize the measurement set-up for a sufficient time to achieve stability. plane and perpendicular to the fibre axis.

c) Prepare the ftbre ends of the cable length (L) by either cleaving or polishing to give
surfaces which are smooth, substantially

d) Appropriately position and fix the fibre to the excitation unit (E) and the detector (D). e) Position the beam splitter (BS) between the monochromator unit (E); 1) Fix the monitoring detector (0,) (MC) and the excitation

with respect to the beam splitter (BS). (MC) as specified in the relevant

g) Set the spectral linewidth of the monochromator specification.
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IS QC 210000: 1994 IEC QC 210000 : 1993 h) Ensure stability, measure and record powers (Po) and (P,,,) while varying monochromator through the frequency range given in the relevant specification. i) Insert the connector set into the cable at a distance (Ll) from the excitation shown in figure 30. the

unit as

BS

Connector

set

Lock in amplifier

Figure 30 j) `Repeat steps g) and h) to measure (P'o) , (P',,,) as a function of (X).

k) Calculate the spectral loss using the following equation:

a,(dB)=-lOlog

where

PO(N
R, (X) =
i

pm tx)

-

1

and

4.4.11.5

Details to be specified

The following details, as applicable, shall be specified in the relevant specification: fibre and cable types and length (L), (Ll), (L2); source (S) type, peak wavelength, spectral width, stability;

excitation unit (E) and launch condition description; measurement wavelength range; detector units (D), (Dm) type, spectral response, dynamic range detection area: monochromator; chopper; beam splitter;
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IS QC 210000: 1994 IEC QC 210000: 1993 temporary joint; performance requirements:
l

allowable spectral loss;

-

deviations.

4.4.12 4.4.12.1

Return loss Purpose

The purpose of the procedure is to measure the return loss due to an optical fibre connector set. Return loss is the measure of the fraction of input power that is returned along the input path of an optical component such as a connector. The return loss or reflected power, caused by optical fibre connectors, can be produced by a difference in the index of refraction of any adjacent components. It is also dependent on many factors such as change of refractive index, spectral line width or coherence length of the source, surface texture, proximity of optical ports, etc.

4.4.12.2

General description

The measurement is made by comparing the incident optical power transmitted through the connector with the reflected optical power. The measurement of reflected power is normally achieved by using a branching device or an OTDR. This procedure contains four measurement methods. Methods 1, 2 and 3 use a branching device. Method 4 uses an OTDR.
l Method 1 is limited to kit and pigtail connector set arrangements. of two temporary joints and two detectors.

It requires the use

l Method 2 is an alternative to Method 1 and uses one temporary and a non-reflective termination.

joint, one detector

l

Method 3 is a special case limited to patch-cord connector sets.

Method 4 is based on the OTDR technique and represents a practical and accurate method characterized by its independency from fluctuations of source, detector, coupling device, etc.
l

4.4.12.3

Apparatus

For methods 1, 2 and 3 the apparatus consists of: an optical source (S) of known transmission width, etc.) and a compatible detector (D); characteristics (wavelength, spectral

- a branching device (BD) capable of being used at the wavelength of the optical source and having known transfer coefficients and excess loss at that wavelength; - a termination (T). That is, a means of terminating the free end of the connector set under test in a non-reflective termination. Ideally this should have a return loss > 50 dB and prevent ambient light entering the fibre. (Index matching material enclosed in an opaque non-reflective container is a good example.);
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a standard reflection element RN. Procedure

r.4.12.4

Care shall be taken when making this measurement to ensure that the power loss attributable to the branching device is taken into account when measuring the reflected power. Otherwise a false reading will be obtained. Method 1 a) Configure the measurement
1

set-up as shown in figure 31.
2 TJ

I

Dl

Figure 31 When setting up the test arrangement, care should be taken to interconnect all fibre components and interfaces so that the return loss from these interfaces is repeatable. Procedures to reduce the reflected power from the detector (D) and the temporary joints (TJ) to an acceptable level shall be used and specified in the relevant detail specification. b) Measure the transfer coefficient (T2 s) of the branching device (BD) between terminals 2 and 3, in accordance with 3.3.2 of IEC 875-l. The source (S) for these measurements shall be the same as that used to measure the connector set return loss. c) After ensuring the stability and repeatability of the measurement set-up, accordance with the relevant specification, record power levels (PO) and (P,). d) Calculate the return loss of the test set-up using the following equation: in

Return loss (dB) = -10 log

+I0 log T2,s

e) Remove fibre length (L3) from the set-up and replace it with a pigtail connector set as shown in figure 32. The connector set and associated fibres shall be assembled in accordance with the manufacturer's instructions. Particular attention should be given to the cleaning instructions and the selection and use of any required index matching fluids, gels, etc.
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Connector set r+L__/--~~~~~LL_+-J

23
p;

3

i--L3-----I

Lll

Figure 32 f) After ensuring (Q and (p,). the quality of the temporary joints and the connector set, record

g) Calculate the added loss using the following equation:

Added loss (dB) = -10 log

h) Calculate the return loss of the connector set using the following equation:

p',

- P, PO

Return loss (dB) = -10 log

1

+lO log Ts,s

NOTES
1 The formulae used in this method are valid provided the losses associated with the temporary joints can be neglected.

2 Multiple reflections can exist under conditions where small gaps and imperfect index matching exist. For these cases, it may be necessary to measure the return loss at more than one wavelength.

Method 2 a) The measurement set-up is shown in figure 33.

1

3

P1

Figure 33 b) Precautions shall be taken to ensure that cladding modes are not present at the port of the branching device. Cladding modes shall be stripped either as a natural function of the fibre length or by adding .a cladding mode stripper. c) Energize the source (S) and detector (0) and achieve stability.
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d) Prepare the fibre tails of the branching device and the ends of the test fibre by either cleaning or polishing to give ends which are smooth, substantially plane and perpendicular to the fibre axis. e) Connect the remaining end of the test fibre to the fibre termination (T). The fibre tails of the branching device and the test fibre shall not be curved with a radius of less than 200 mm to avoid the loss of cladding modes. f) Avoid disturbing the launch conditions and the temporary joint (TJ) throughout the measurement sequence. Connect the detector (D) to the output port of the branching device (BD). Measure power (P,). g) Cut the test fibre, prepare the ends and terminate them with the connector set in accordance with the manufacturer's instructions. Mate the specimen and measure the returned power (P,) (see set-up in figure 34).

q

Connector set

+-y--tL"-{~+J

Figure 34 g) Fit detector (D) to the specimen as shown in figure 35 and measure power (Ps)

Specimen 2 TJ p3

Figure 35 h) Calculate the'return loss using the following equation:
p2 - pt

Return loss (dB) = -10 log
[ %I

1

+lO log T2,s

where T2 3 is the transfer coefficient of the branching device from port 2 to port 3 using the bidirectional port as the input and the directional port as the output.
NOTE - The formula used in this method is valid provided the losses associated with the temporary joint

can be neglected.

65

IS QC 210000: IEC QC 210000

1994 : 1993

Method 3 (connecrorized

leads or parch-cord arrangements)

a) Configure the measurement set-up as shown in figure 36.

r

Reference connector

(index-matched)

Figure 36 b) Precautions shall be taken to ensure that cladding modes are not present at the port of the branching device. Cladding modes shall be stripped either as a natural function of the fibre length or by adding a cladding mode stripper. c) Measure the reference power (P,). d) Remove detector (D) from the reference connector, and connect it to port 3 of branching device (BD). Insert the specimen into the system as shown in figure 37.

Reference connector

(index-matched)

Figure 37

e) Measure power (P,). f) Calculate the return loss using the following equation:
9 Return loss (dB) = -10 log +lO log T2,3

where 7;,s is the transfer coefficient,of the branching device from port 2 to port 3. NOTE - This method of measuring return loss ignores the fibre loss and also the far end connector contributes to the reflected power measured. This contribution may be removed by index matching.

Method 4 (rime domain reflecromerer) The time domain reflectometer technique represents measure the return loss of optical fibre connectors. an alternative. test method to
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This method allows the evaluation of return loss by detecting the reflected power of the connector and comparing it with a known standard reflection. The standard reflection is, for example, achieved by merging the end of the fibre under test into a medium with known refraction index. This method is also suitable to measure adjacent connectors in a test length.

a) Configure the measurement set-up as shown in figure 38.
Standard reflection element RN

f
OTDR

Connector set under test

I I

Figure 38 b) Connect the fibre with the connector under test to the .OTDR. .The other fibre end with a cleaved surface, perpendicular to the axis of the fibre core, is merged into a fluid c with a known refractive index. c) Record the backscattered signal.

As an example the recorded backscattered signal of a fibre with a connector inserted is shown in figure 39.

OTDR signal (dB) Reflection of connector under test f77

Standard reflection element (RN)

0

II

II+

12

Distance

Figure 39
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8) Calculate the return loss RL in decibels as follows: RL = -10 log (reflected power/incident power) (1)

To evaluate the return loss RL of the connector under test the readings aR and aRN shall be compared with the theoretical return loss RL, of the standard reflectron element R,. RL, is given by:
2 RLN

=-lOlog

n2 -

"I W)

(2)

n2 + "1

where
"1

is the refractive
is the refractive

index of the fibre core index of the medium

n2

The return loss RL of the connector under test can be evaluated as:

RL=

RL,

-16&I

W)

(3)

For an, aRN > 5 dB, the approximation: 1o"*2aR- 1 10 log
[

1O'I~~RN - 1

1

f 2 (an - a,,)

(3)

can be inserted into equation (3) with an error of less than 0,5 dB. RL = R,, - 2 (a, - aRN) (dB) For aR, aRN> 9 dB, the error is below 0,l dB. The factor of 2 takes into account that on an OTDR the X-axis is scaled by a factor 0,5 relative to the measured backscattered signal.
NOTE - Care should be raken that the surface of the fibre end is perpendicular The deviation from the right angle should be smaller than 0.25".
The fibre surface should be prepared interferometric test method. The measurement test method). accuracy with a suitable fibre cleaving to the axis of the fibre core.

(5)

tool and should be controlled

by an

should be within fl

dB and comparable

to the accuracy

of method

1 (reference

The refractive index n, of the fibre core for standard single-mode fibres is about 1,447; the refractive index ns of water is about 1,320 (temperature 20 `C, wavelength: 1.3 pm). Care should be taken to operate the OTDR in a linear mode. An attenuator at the OTDR's in/output may be required to bring the optical power to an adequate level.
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4.4.12.5

Details to be specified details, as applicable, shall be specified in

When using methods 1, 2 and 3, the following the relevant specification: source (S), including launch fibre length;
-

spectral or coherence length of source;

peak wavelength; source stability; branching device type; branching device directivity; branching device loss; detector spectral response; detector linearity; detector area; cladding mode stripper requirements; fibre length (L3) (method 1 only); temporary joint definition techniques procedures and requirements;

required to ensure repeatable measurements; to reduce reflected power from detectors, temporary joints, connectors,

etc. allowable added loss due to connector sets: allowable added loss due to temporary joints; performance requirements;

allowable return loss; deviations. using ,method .4, the following relevant specification: wavelength of the OTDR; details, as applicable, shall be specified in the

type and length of fibre; minimum length of I, and maximum length of I*; details of the excitation unit;

refractive index n, of the fibre core and n2 of the standard reflection element for the wavelength used; 4.4.13 4.4.13.1 any special requirement for fibre cutting and cleaving. Change in return loss Purpose

The purpose of this procedure is to measure periodically the return loss of a connector set cord in order to determine how this parameter varies with the time. The return loss of a connector can change over time due to external influences on the connector such as thermal stress, vibration, moisture, mechanical stress (e.g. crush) as well as through
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4.4.13.2

General description by means

This method uses the OTDR to measure the return loss. The OTDR is calibrated of Fresnel reflection provided by a well-cleaved end of the fibre.

This reference return loss value (RL,) is located around 14,5 dB depending on the fibre end face quality and the wavelength. It is considered that for a given connector technology different samples present a very consistent RL, with a negligible dispersion.

The determination of return loss is repeated periodically by use of automated data acquisition. 4.4.13.3 Apparatus

with the measurement

facilitated

The apparatus consists of: an OTDR of known transmission characteristics (spectral characteristics, dynamic range, spatial resolution, distance accuracy, pulse duration, etc.). This instrument has to be interfaced with a computer so that periodic measurement of the power can be made; an attenuator capable of being used at the same wavelength as the OTDR source and having known transmission characteristics (resolution and range of attenuation-, tolerance, reflectance, etc.); a launching fibre of length (L) specified in the relevant detail specification (usually this length is longer than 1 000 m depending on the spatial resolution of OTDR); a reference pigtailed plug of which the return loss in open air is noted. This value can be measured by use of the branching device method. The source wavelength and the launching condiiions present at the connector location shall be as close as possible to those obtained by using the OTDR method; a means (T) for terminating the free end of the patch-cord in a non-reflective way. Ideally, this one should have's return loss greater than 50 dB and prevent ambient light to enter into the fibre (e.g. index matc,hing material enclosed in an opaque nonreflective container). 4.4.13.4 Procedure

a) With the test set arranged as in figure.40, the reflection peak due to in open air shall be displaced on the OTDR screen.

reference Plug

b) The loss introduce4 by the variable attenuator shall be increased until the amplitude of the total reflection peak is set equal to a defined vertical value (i.e. 3 Cm Or 4 Cm) below the saturation level of the OTDR. Record the value a, at which the attenuator has been set.
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Reference Pkl

OTDR -

Figure 40 c) Mate the connector to be measured as shown in figure 41. The second plug of the patch-cord shall be matched by the termination T. Acting on the optical attenuator increase the reflection peak of the connector under test to the reference peak. Record the new value, a2, at which the attenuator is set.

Stress (thermal, shock, etc.)

Figure 41 d) The difference D = a, - a2 (dB) turns out proportional to the optical power backreflected by the connector under test. In fact, the power backreflected in the two cases is respectively: Pr, (dBm) = Po (dBm) - RL, (dB) - 2 a (dB) - 2 a, (dB) Pf2 (dBm) = PO (dBm) - RL, (dB) - 2 a (dB) - 2 a2 (dB)
where pa f% R`0 8 is the power injected by the OTDR into the fibre; is the return loss of the reference plug in open air (connector unmated); is the return loss of the connector under test (connector mated); is the attenuation of the launching fibre with joints and connectors, if any.

e) Acting on the optical attenuator so as to increase the reflection nector under test to the reference peak means that:

peak of the con-

then: RL, = RL, + 2 (a, - a,) (dB) which allows the return loss value to be calculated, knowing that (RLo) of the reference plug in air.
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will serve as a baseline for repeated estimates of the

is stressed. When the stress condition is applied, attenuator is varied until the reflection peak again the OTDR screen.

In such a case, the new value of a2 shall be read on the variable attenuator. It can be noted that the former attenuation value, a,, and the relevant return loss, RL,, only depend on the reflected power by the reference plug unmated and therefore are not influenced by the applied stress. This measurement sequence can be facilitated by control of the OTDR and of the attenuator by a microprocessor. Moreover, the computer may store and process the values of attenuation and of return loss and may determine its gradual change with the applied stress. The feature of stress, the periodicity of the measurements of RL, and their duration are specified in the detail specification. 4.4.13.5 Details to be specified

The following details, as applicable, shall be specified in the relevant specification:
l

Details on the OTDR: spectral characteristic dynamic range; spatial resolution; distance accuracy; pulse duration. of the optical source;

l

Details on the optical variable attenuator: attenuation tolerance; attenuation reflectance. range;

l

Length and type of launching fibre (L). Temporary joint definition and requirements. Periodicity of reading of a*. Duration of reading of a*. Details of the stress applied. termination in terms of return loss and return bsS

l

l

l

l

l

Requirements on the matched stability upon the time.
l

Value of RL,. Technique required to ensure repeatability meaSUrementS. Performance requirements allowable return loss; deviations. as:

l

0
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IS QC 210000 : 1994 IEC QC 210000 : 1993 4.4.14 4.4.14.1 Modal power distribution Purpose

This test is not intended as a general method for production purposes. The method proposed allows to perform type tests or verification of experimental Set-up where connectors are used. 4.4.14.2 General description

In any optical multimode fibre, connector or component, up to some hundred guided modes, with different power, can be excited depending on the light source used. Each of these modes has a different attenuation and propagation time. Therefore, for attenuation or bandwidth measurements, the excited modal power distribution should be taken into account. 4.4.14.3 Apparatus

A typical measuring set-up is shown in figure 42.

Figure 42 - Near field measuring set-up Light source (S)

Any light source, fulfilling the following inequality can be used: 6X >

W)"2
aKON,

(1)

ho where 6k is the source linewidth centre wavelength

X0 is the free-space
2 2 -n2 "1

A=

is relative-refractive 2 n,'

index difference

n, is the maximum n2 is the cladding

refractive refractive

index of tie index

fibre core

B is the core radius K, = PIA, is the free-space dn, is the material dXO group index wave number

N,=n,-

1,

-

This means that the source linewidth (6X) has to exceed a certain value, i.e. coherent light sources cannot be used.
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In practice, light-emitting diodes (LED) and lamps (Xe. W, Hg, Na, etc.) with or without spectral filters and multimode laser diodes (LD) are usable. For the nominally standardized optical fibres with a core diameter of 50 pm and a numerical aperture NA = 0,2, inequality (1) is fulfilled at a wavelength h, = 850 nm with a source linewidth 6h, > 05 nm and at a wavelength k, = 1 300 nm with ah, > 1,2 nm. The linewidth of the source can be verified by a monochromator measurement. of

Because the modal power distribution is a function of wavelength, the wavelength the chosen light source (S) shall be specified with the relevant linewidth.
NOTE - The output power of the light source shall be stabilized before beginning the experiments.

-

Test object (0) set-up.

The test object can be the output fibre of any measurement Optical magnifying device (M)

In order to obtain a better spatial resolution of the fibre endface near-field, optical magnifying devices such as lenses, etc. are used. Because the focus of such devices is a function of the wavelength used, the focus of the endface of the fibre shall be carefully adjusted. Otherwise the modal power distribution will be distorted. This is also important for launching devices using lenses. Optical detector (D) a Vidicon camera or a semiconductor

For the optical detection of the near-field, photodetector array can be used.

Single semiconductor photodiodes in combination with a pin-hole (to increase the resolution) can also be used, but are not recommended as they do not show the complete endface on the monitoring device. If the optical output power exceeds the dynamic range of the detector, an optical nuator shall be included, e.g. before the detector. The operational source. wavelength atte-

range of the detector shall be chosen to match that of the

Monitoring device (R) intensity distribution can be displayed on a video monitor or xy-chart

The near-field recorder. 4.4.14.4

Procedure

a) Unless otherwise specified in the relevant sectional and/or detail specification the near-field pattern through the fibre core is measured at least three times, each of them obtained by rotating the output fibre by 45". b) For the calculation of the modal power distribution the measuring schematically in figure 42 can be realized as shown in figure 43. The dotted part is an example of the the light source (l), a halogen lamp; the connector pigtail: the optical magnifying (5), a Vidicon camera: a video monitor profile on the screen. set-up shown

set-up described above. The figure shows: launching device (2), a lens; test object (3), a device (4), a microscope; the optical detector (6) with the endface intensity and one scan
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stores the measured
The remaining and computer.

use can be made of a computer (7) which controls the measurement and data of the near-field distribution and a plotter (8) which can present the modal power distribution calculated by the computer. controlling unit (9) serves for the data transfer between vidicon camera

In addition,

c) Assuming three consecutive near-field measurements at the output object, each of them obtained by rotating the output fibre end through power distribution P(8) is given by the following formula:

fibre of the test 45", the modal

(2)

where

is the normalized

propagation

constant

8

is the propagation 6

constant frequency

V= 8K0n, r h

is the normalized and

is the radial coordinate is the profile function.

All parameters in formula (2) are dependent on the fibre determined for the fibre and the source with the exception stored during the near field intensity test $,, (r)

and shall be previously of those measured and

i -----___---_----_-----_-_--

J

Figure 43 - Measuring equipment for the determining of the modal power distribution (based on a near-field analysis) 4.4.14.5 Details to be specified

Details related to this test shall be specified in the relevant specification.

75

IS QC 210000 : 1994 IEC QC 210000 : 1993

4.4.15

Fibre alignment in ferrule: concentricity

and angular misalignment

4.4.15.1

Purpose

The purpose of this procedure is to measure the ability of a plug or ferrule for a fibre optic connector to align a fibre in the centre of the hole (hole concentricity) and align the fibre parallel to the axis of the ferrule or plug (hole angular misalignment). 4.4.15.2

General description

This measurement method does not directly measure hole diameter or angular misalignment of a plug or ferrule. It estimates the ability of these parts to orient an optical fibre to themselves as explained below. For most optic connectors, and in particular for those based on ferrule-in-sleeve alignment means, the measure of centering of the optical fibre in the centre of the ferrule and the degree to which the fibre axis is aligned to the ferrule axis are critical parameters in the ability of the connector to make a low insertion loss connection. Thus it would seem that the important parameters of a connector_or ferrule would be the hole diameter, its concentricity, its circularity and i?s alignment to the axis of the reference surface (e.g. the cylinder defined by the surface of the ferrule).

However, in practice, it is possible to obtain very precise and repeatable alignment of a fibre in the hole of a ferrule or plug even when the hole is not precise, in terms of its diameter, concentricity, etc. For example, a slight curvature of the hole along its axis would cause the fibre to position itself repeatably on one side of the hole, even if the hole is oversized and not very circular.
Thus, for parts such as ferrules or plugs for field mountable connectors, it is more important to evaluate the capability of the part to position the fibre repeatably in the centre of the part and on axis with the part rather than to evaluate the precise parameters of the hole itself.

4.4.15.3

Apparatus'

The apparatus consists of: a V-groove block of angle 108" and a size such that the ferrule or plug to be measured can be mounted and rotated while resting in the block and while maintaining alignment contact with the block. The V-groove block should be of hardened steel or
other such durable material; the surface roughness should be "3

-

a shadow graph or a calibrated optical magnification

viewing system; in the shadow graph or viewing

means for holding the V-groove block in position system.
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Ferrule I

Fibre

I

Figure 44 a) In this method, a piece of fibre is mounted in the ferrule as specified by the relevant detail specification but allowed to overhang (stick out of) the end. This part of the fibre that is overhanging is then measured for concentricity and axial alignment with the ferrule reference surface. The fibre shall be fixed so as not to rotate with respect to the ferrule during the test.

b) The apparatus fibre is imaged.

shown above is mounted in the viewing system and a portion of the

c) By rotating the ferrule in the precision V-groove, the lateral excursion of the fibre as it rotates can be measured. d) The measurement made near the end of the ferrule will give an estimate of the concentricity of the location of the fibre in the ferrule with respect to the reference surface. e) If the measurement is made near the ferrule and repeated at the end of the fibre away from the ferrule, the two sets of readings will give an estimate of the axial alignment of the fibre with respect to the ferrule reference surface. f) The measure of hole concentricity error is given by the maximum excursion of a fibre shadow edge (measured at the position near the end of the ferrule) divided by two. g) The measure of hole angular alignment is given by $ where, tan $I = y (mm) / 25.
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Ferrule

Y-

w-v

2 Figure 45

4.4.15.5 The'following -

Details to be specified details, as applicable, shall be specified in the relevant specification:

dimensions of the V-blocks; increments of rotation of the part in the V-block; fibre dimensional techniques .
l

details;

required to ensure repeatable measurements;

performance requirements: allowable concentricity error;

allowable angular misalignment error.

4.5

Environmental

test procedures to be used for quality assessment testing shall be

The environmental test procedures selected from table 4.

The effects of these tests may include but are not limited to the following: - physical damage such as loosening of parts, wear, physical distortion failures to mechanical parts; temporary or permanent changes to the optical characteristics mechanical damage to the fibre; displacement displacement of the fibre and/or the ferrule; of the cable. and fatigue

of the specimen;

The effects may be evaluated by making initial measurements, measurements during the test and final measurements as appropriate. The measurements to be made! the times they are to be made and the requirements to be met shall be specified tn the relevant specification.
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Table 4 - List of environmental

test procedures

Procedure Vibration Effectiveness Static Cable load pulling of fibre or ferrule retention

Subclause 4.5.1 4.5.2 4.5.3 4.5.4 45.5

Cable torsion Strength Bending Bump Shock Crush resistance Axial compression Impact Acceleration Drop Coupling Mould Cold Dry heat Damp,heat Climatic (steady state) proof torque of coupling moment mechanism

4.5.6 4.5.7 4.5.8 4.5.9 4.5.10 4.5.11 4.5.12 45.13 4.5.14 4.5.15 4.5.16 4.5.17 4.5.18 4.5.19 4.5.20 4.5.21

growth

sequence

Condensation Rapid change Sealing Sealing Sealing Corrosive Dust Industrial atmosphere (sulphur dioxide) of temperature and barrier-seals connectors)

4.5.22 4.5.23 4.5.24 4.5.25

(panel-seals (water

immersion

(hermetic) atmosphere (salt mist)

4.5.26 4.5.27 4.5.28 4.5.29 4.5.30 4.5.31 4.5.32 4.5.33 fluids cable nutation connectors 4.5.34 4.5.35 4.5.36

Low air pressure Solar radiation Nuclear radiation endurance endurance and contaminating device against

Mechanical

High temperature Resistance Effectiveness Insertion

to solvents

of clamping

and withdrawal

forces for back-panel
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4.5.1

Vibration (sinusoidal)

This procedure is conducted in accordance with IEC 68-2-6 (test Fc). 45.1 .l Purpose

The purpose of this procedure is to evaluate the effects of vibration on specimens at the predominant frequency ranges and magnitudes that may be encountered during field service. Most vibrations encountered in field service are not of a simple harmonic nature. However, tests based on vibrations of this type have proved satisfactory to simulate actual field service. 4.5.1.2 General description

A specimen is mounted to a vibration generator and vibrated with a sinusoidal motion. The specimen is exposed to vibration in three mutually perpendicular directions, one of which is parallel to the optical axis. The vibration amplitude is specified either in terms of constant displacement or constant acceleration. Various methods are combined to form different procedures in test Fc of IEC 68-2-6. 4.5.1.3 Apparatus

The apparatus consists of: a vibration generator; suitable specimen mounting fixtures.

The apparatus shall be in accordance with test Fc of IEC 68-2-6. 4.5.1.4 Procedure

Conduct the procedure in accordance with test Fc of IEC 68-2-6. The specimen shall be vibrated in three mutually perpendicular axes, one of which is the optical axis. The vibration endurance shall be performed by sweeping. 4.5.1.5 Severity

The severity consists of a combination of frequency range, vibration amplitude and endurance duration per axis. The severity shall be specified in the relevant specification. The following preferred severities are non-mandatory this procedure.
Frequency range

severities which may be specified for

Vibration

amplitude

lo55 Hz lo150 Hz lo500Hr 2 OOOHz lolo-5000Hz

0,75 mm constant displacement (up to 60 Hz) g6 m/s* constant acceleration (above 60 Hz)

Endurance duration peraxis

10 min in each spec&d

direction

30 min in each specified direction
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The following details, as applicable, frequency range;

vibration amplitude; endurance duration per axis; specimen optically functioning pre-conditioning procedure; or non-functioning;

recovery procedure; initial measurements measurements and performance requirements;

during test and performance requirements; and performance requirements;

final measurements deviations.

Effectiveness 4.5.2.1 Purpose

of fibre or ferrule retention

The purpose of this procedure is to ensure that the captivation or the attachment of the fibre or the ferrule in the connector will withstand mechanical loads such as are likely to be applied during assembly or handling operations. 4.5.2.2 General description

The body of the assembled and terminated connector set is fixed to a rigid clamping device. A longitudinal force and/or torque is then applied to the fibre or the ferrule. 4.5.2.3 Apparatus

The apparatus consists of: a force generator rate; 4.5.2.4 a) capable of smoothly applying the required loads at the specified

a suitable clamping device to apply the load(s) to the fibre or the ferrule: a fixed clamping device to hold the specimen securely. Procedure Fix the specimen securely to the fixed clamping device.

b) Fix the clamping device to the fibre or the ferrule, c) d) 4.5.2.5 Smoothly apply the load at the specified rate. Maintain the load for 10 s minimum. Severity of the magnitude of the load. The severity shall be given in the

The severity consists relevant specification.
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4.5.2.6

Details to be specified shall be specified in the relevant specification:

The following details, as applicable, -

magnitude and direction of the load(s); rate(s) of application point of application of the load(s); of the load(s); or non-functioning;

specimen optically functioning preconditionning procedure;

recovery procedure; initial measurements measurements and performance requirements;

during test and performance requirements; and performance requirements;

final measurements deviations.

4.5.3 4.5.3.1

Static load Purpose connector set will

The .purpose of this procedure is to ensure that a panel-mounted withstand shearing forces likely to be applied during normal service.

4.5.3.2

General description

The specimen is mounted to a metal plate simulating the normal method of mounting. A steady shearing force is applied smoothly to the connector body.

4.5.3.3

Apparatus

The apparatus consists of: a force generator rate; 4.5.3.4 capable of smoothly applying the specified force at the specified

a rigid metal plate to mount the specimen securely. Procedure

a) Securely mount the specimen on the metal plate.
b) Smoothly apply the load to the specified point, rate of application c) 4.5.3.5 Maintain the load for 10 s minimum. Se verity consists of load magnitude. The severity shall be given in the relevant and direction (s).

The severity specification.
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The following details, as applicable, -

magnitude and rate of application of the load; point of application and direction of the load; or non-functioning;

specimen optically functioning pre-conditioning procedure;

recovery procedure; initial measurements measurements and performance requirements;

during test and performance requirements; and performance requirements;

final measurements deviations.

4.5.4 4.5.4.1

Cable pulling Purpose

The purpose of this procedure is to ensure that the captivation or attachment of the cable to the specimen will withstand tensile loads likely to be applied during normal service.

4.5.4.2

General description

The specimen is rigidly clamped and a tensile load is applied to the cable. 4.5.4.3 Apparatus

The apparatus consists of: a force generator rate; 4.5.4.4 capable of smoothly applying the tensile load at the specified

a suitable clamping device for the cable; a fixed clamping device for the connector. Procedure

a) Securely fix the connector to the fixed clamping device. b) Clamp`the cable at the point of application specified in the relevant specification. c) Smoothly apply the tensile load to the cable. d) Maintain the load for 10 s minimum.
. 4.5.4.5 Severity

The severity consists of the magnitude of the tensile load. The severity shall be given in the relevant specification. 4.5.4.6 Details to be specified shall be specified in the relevant specification:

The following details, as applicable,

a3

IS QC 210000 : 1994 IEC QC 210000 : 1993 magnitude and rate of application of the tensile load; point of application of the tensile load; specimen optically functioning or non-functioning; preconditioning procedure;

recovery procedure; initial measurements and performance requirements; measurements during test and performance requirements; and performance requirements;

final measurements deviations.

4.5.5 4.5.5.1

Cable torsion Purpose

The purpose of this procedure is to ensure that the captivation or attachment of the cable to the specimen will withstand torsion loads likely to be applied during normal service.

4.5.5.2

General description

The specimen is rigidly clamped and a torsion load is applied to the cable. 4.5.5.3 Apparatus

The apparatus consists of: - a torque generator capable of smoothly applying the torsion load at the specified rate; 4.5.5.4 a suitable clamping device for the cable; a fixed clamping device for the connector. Procedure

a) Securely fix the connector to the fixed clamping device. b) Clamp the cable at the point of application specified in the relevant specification. c) Smoothly apply the torsion load to the cable. d) Maintain the load for 10 s minimum. 4.5.5.5 Severity

The severity consists of the magnitude of the torsion load. The severity shall be given in the relevant specification. 4.5.5.6 Details to be specified

The following details, as applicable, shall be specified in the relevant specification: magnitude and rate of application of the torsion load; point of application of the torsion load;
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recovery procedure; initial measurements measurements and performance requirements;

during test and performance requirements; and performance requirements;

final measurements deviations.

Strength of coupling mechanism 4.5.6.1 Purpose

The purpose of this procedure is to ensure that the coupling mechanism of a connector set will withstand axial loads likely to be applied during normal service.

4.5.6.2

General description set in a direction to separate the

A tensile load is smoothly applied to a mated connector components. 4.5.6.3 Apparatus

The apparatus consists of: a force generator rate; capable of smoothly applying the specified force at the specified

clamping devices as required; a torque wrench (screw coupling connectors only).

4.5.6.4

Procedure

a) Properly mate the connector set. b) Tighten the coupling mechanism only). mechanism to the normal coupling torque (screw COUPling

c) Securely clamp one connector half. d) Clamp the opposite connector half to the force generator. e) Smoothly apply the tensile force at the specified values. 1) Maintain the load for 10 s minimum. 4.5.6.5 Severity

The severity consists of the magnitude of the tensile load. The severity shall be given in the relevant specification. 4.5.6.6 Derails to be specified shall be specified in the relevant specification:
.

The following details, as applicable,
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magnitude coupling

and rate of application torque (screw coupled

of tensile connectors load;

load; only);

point of application specimen optically

of the tensile functioning

or non-functioning;

pre-conditioning recovery initial

procedure;

procedure; and performance requirements: requirements;

measurements during

measurements

test and performance

final measurements deviations.

and performance

requirements;

4.5.7

Bending moment Purpose

4.5.7.1

The purpose of this procedure is to ensure that the coupling mechanism of a connector set will withstand a bending moment likely to be applied during normal service.

4.3.7.2

General description

A bending moment is smoothly applied to a mated connector set so as to bend its longitu dinal axis. 4.5.7.3 Apparatus

The apparatus consists of: - a force generator capable of smoothly applying the specified force at the specified rate; 4.5.7.4 a clamping device; a torque wrench. Procedure

a) Properly mate the connector set. b) Securely clamp one connector half. c) Smoothly apply a force to the opposite connector half at the point of application at the values specified in the relevant specification. d) Maintain the force for 10 s minimum. 4.5.7.5 Se verity and

The severity consists of the combination of the magnitude of force and the point of application of the force relative to the clamping point. The severity shall be given in the relevant specification. 4.5.7.6 Details to be specified

The following details, as applicable, shall be specified in the relevant specification:
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- direction(s) ing point): -

and point of application of the force (distance specified from the clampor non-functioning;

specimen optically functioning pre-conditioning procedure;

recovery procedure; initial measurements measurements and performance requirements;

during test and performance requirements; and performance requirements;

final measurements deviations.

4.5.8

Bump

This procedure is conducted in accordance with IEC 68-2-29 (test Eb). 4.5.8.1 Purpose

The purpose of this procedure is to reveal the accumulated damage or degradation in speoimens for applications in which they will be subjected to repetitive shocks. It may also be used to assess their structural integrity. hit is intended as a means of producing, in the specimen, effects similar to those resulting from repetitive shocks likely to be encountered by connector sets in service.

4.5.8.2

General description to the table of a bump tester and is subjected to repeated

The specimen is fastened half-sine pulses. 4.5.8.3 Apparatus

The apparatus consists of: 4.5.8.4 a bump tester in accordance with test Eb of IEC 68-2-29; a fixing means in accordance with test Eb of IEC 68-2-29. Procedure

Conduct the procedure in accordance with test Eb of IEC 63-2-29. 4.5.8.5 Severity and number of

The severit-y consists of the combination of peak acceleration, duration bumps. The severity shall be specified in the relevant specification. The following preferred test severities specified for this procedure. apply as non-mandatory severities

which may be
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Number of bumps ........................................................ Peak acceleration Pulse duration ........................................................

4000f

10

390 m/s2 (40 g)

.............................................................. 6 ms

4.5.8.6

Details to be specified

The following details, as applicable, shall be specified in the relevant specification: 4.5.9 method of mounting; number of bumps; peak acceleration; pulse duration; specimen optically functioning or non-functioning; pre-conditioning procedure;

recovery procedure; initial measurements and performance requirements; measurements during test and performance requirements; final measurements deviations. Shock and performance requirements;

This procedure is conducted in accordance with IEC 68-2-27 (test Ea). 4.5.9.1 Purpose

The purpose of this procedure is to reveal mechanical weakness and/or degradation of specimens when subjected to non-repetitive mechanical shocks. It simulates infrequent non-repetitive shocks likely to be encountered in normal service or during transportation.

4.5.9.2

General description

The specimen is fastened to the table of a shock testing machine and is subjected to halfsine shock pulses. 4.5.9.3 Apparatus

The apparatus consists of: 4.5.9.4 a shock tester in accordance with test Ea of IEC 68-2-27; a fixing means in accordance with test Ea of IEC 68-2-27. Procedure

Conduct the procedure in accordance with test Ea of IEC 68-2-27. The pulse shape shall be half-sine.
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4.5.9.5

Se veriry
of peak acceleration specification. and number of shocks. The

The severity consists of the combination severity shall be specified in the relevant

The following preferred severities fied for this procedure.

apply as non-mandatory

severities

which may be speci-

Peak acceleration

Numberrcks

1

294 490 981 4 900

m/s* mls* m/s* m/s*

(18 ms pulse duration) (11 ms pulse duration) (6 ms pulse duration) (1 ms pulse duration)

4.5.9.6

Derails to be specified

The following details, as applicable, shall be specified in the relevant specification: 4.5.10 4.5.10.1 peak acceleration: number of shocks; specimen optically functioning pre-conditioning procedure; or non-functioning;

recovery procedure; initial measurements measurements and performance requirements;

during test and performance requirements; and performance requirements;

final measurements deviations. Crush resistance Purpose

The purpose of this procedure is to evaluate the effect of loads which may occur when connector sets are exposed to critical situations such as being stepped on, being run Over by vehicle tyres, etc. 4.5.10.2 General description

The specimen is exposed to a compressive load which is applied by a pad. 4.5.10.3 Apparatus

The apparatus consists of: a shallow box or tray, nominally 300 mm x 300 mm, capable of housing a section of a representative ground or floor surface; - a pad of resilient or rigid material, nominally bonded to a non-yielding plate; a force generator.
89
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4.5.10.4

Procedure

a) Place the specimen centrally on the test surface contained in the shallow box. W Smoothly apply the specified load. c) Maintain the load for the specified duration.
4.5.10.5 Severity of the load and the duration. The severity shall be

The severity consists of the combination specified in the relevant specification. The following preferred severities this procedure.
Load N

are non-mandatory

severities which may be specified for

Duration
S

500 1000 2000 5000

5 10 60

4.5.10.6

Details to be specified shall be specified in the relevant specification:

The following details, as applicable, 4.5.11 4.5.11.1 representative pad material; load; duration of load; specimen orientation; specimen optically functioning pre-conditioning procedure;

ground or floor surface;

or non-functioning;

recovery procedure; initial measurements measurements and performance requirements; requirements;

during test and performance

final measurements deviations. Axial compression Purpose

and performance requirements;

The purpose of this procedure is to ensure that the captivation or the attachment of the cable to the specimen will withstand compressive loads likely to be applied during normal service.
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4.5.11.2

General description

The specimen is rigidly clamped and an axial compressive load is applied to the cable.

4.5.11.3

Apparatus

The apparatus consists of: - a force generator capable of smoothly applying the compressive fied rate; 4511.4

force at the speci-

a suitable clamping device for the cable; a fixed clamping device for the connector. Procedure

a) Securely fix the connector set to the fixed clamping device. b) Clamp the cable at the specified point of application. c) Smoothly apply the axial compressive load to the cable. d) Maintain the load for 2 min minimum. 4.5.11.5 Severity force. The severity shall

The severity consists of the magnitude of the axial compressive be specified in the relevant specification. The following preferred severities are non-mandatory this procedure.

severities which may be specified for

4.5.11.6

Details to be specified

The following details, as applicable, shall be specified in the relevant specification: the magnitude of the load; point of application of the load; rate of load application; specimen optically functioning preconditioning procedure; or non-functioning;

recovery procedure; initial measurements and performance requirements; measurements during test and performance requirements; final measurements deviations. and performance requirements;
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The purpose of this procedure is to evaluate the ability of connector sets (mated or unmated, with or without protective caps) to withstand a localized impact or a series of impacts with hard objects. 4.5.12.2 General description face is dropped on the specimen which is placed on an

A hammer with a semi-cylindrical anvil. 4.5.12.3 Apparatus

The apparatus consists of: an anvil of specified hardness; mass with a semi-cylindrical face of Rockwell Rb 90

- a drop hammer of adjustable hardness;

- an apparatus to raise and drop the hammer. (An example is shown in figure 46. It consists of a driven crank coupled to the hammer by means of a cord and pulley.)

50 mm long -I

Specimen

under drop hammer

Striking surface semi-circular section

Anvil

R = not less than y2 x drop height + 10 mm ,
_-I

/

-%Jt
-- \ \

I

'

\

`\_I

i

I

Figure 46
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Procedure

a) Place the specimen on the anvil in the specified position and orientation. b) Adjust the hammer mass to the specified value. c) Raise and drop the hammer from 150 mm above the anvil. Severity

4.5.12.5

The severity consists of the combination of the radius of the hammer face, the mass of the hammer and the number of impacts. The severity shall be specified in the relevant specification. The following preferred severities this procedure.
Hammer radius mm

are non-mandatory

severities

which may be specified for

Number of impacts

5 10 20

1 5 10

4.5.12.6

Details to be specified shall be specified in the relevant specification:

The following details, as applicable,

hammer face radius; hammer mass; number of impacts; point of impact on the specimen; orientation of the specimen; or non-functioning;

specimen optically functioning pre-conditioning procedure;

recovery procedure; initial measurements measurements and performance requirements; requirements;

during test and performance

final measurements deviations. 45.13 Acceleration

and performance requirements;

This procedure is conducted in accordance with IEC 68-2-7 (test Ga). 4.5.13.1 Purpose acceleration on

The purpose of this procedure is to evaluate the effects of steady-state specimens at the magnitudes that may be encountered during usage.
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4.5.13.2

General description

The specimen is mounted on a centrifuge and subjected to a specified value of peak acceleration in two directions out of three mutually perpendicular directions, one of which is parallel to the optical axis. 4.5.13.3

Apparatus
consists of: with test Ga of IEC 68-2-7; in accordance with test Ga of IEC 68-2-7.

The apparatus -

a centrifuge a suitable

in accordance mounting fixture

4.5.13.4 Conduct

Procedure
the procedure

in accordance with test Ga of IEC 68-2-7.

4.5.13.5

Severity of the acceleration level. The severity shall be specified in the rele-

The severity consists vant specification. The following
this procedure.

preferred severities are non-mandatory

severities which may be specified for

Acceleration
Ill/S2

level

50
100 200 500 loo0 2ooo 5ooo

loo00

2oooo !5oooo
100000 2oowo 3ooow

4.5.13.6

Details to be specified shall be specified in the relevant specification:

The following details, as applicable, mounting method; cable supports and anchorage; acceleration acceleration level; duration;

axis and direction of acceleration; specimen optically functioning pre-conditioning procedure; or non-functioning;

recovery procedure; initial measurements and performance requirements;
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requirements;

deviations.

Drop Purpose impacts

The purpose of this procedure is to evaluate the ability of a specimen to withstand likely to be encountered during usage. 4.5.14.2 General description

A specimen with an attached length of cable is freely swung in a pendular allowed to strike an impact surface. 4.5.14.3 Apparatus

motion and

The apparatus consists of: a suitable cable clamping fixture; an impact surface.

Cable clamping fixture The fixture shall be capable of being mounted to any convenient rigid vertical structure. A swivel shall be provided for attaching the cable to the fixture in such a manner as to allow it to swing freely from a horizontal to a vertical position. Impact surface The impact surface shall be a steel plate at least 300 mm x 500 mm x 25 mm thick.

4.5.14.4

Procedure

a) The test set-up is shown in figure 47.

Attaching

Figure 47
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b) Attach the cable clamping fixture at a height (h) from the impact surface.

The height

(h) shall be specified in the relevant specification. c) Attach the cable to the attachment fixture at a distance of 2`25 m from the rear of the connector so that the specimen may swing freely from a horizontal to a vertical position. d) Hold the specimen in a horizontal position as shown and allow it to drop on to the impact surface. If the specimen height is important, it shall be specified in the relevant specification. e) Repeat the cycle the specified number of times. 4.5.14.5 Se verity

The severity consists of the combination of the number of drops and the height of drop. The following preferred severities are non-mandatory this procedure.
Number of drops

severities which may be specified for

Drop height mm

1 5 10 25 50
L

500 750 1000 1500 1750 2oca

4.5.14.6

Details to be specified

The following details, as applicable, shall be specified in the relevant specification: 4.5.15 4515.1 number of drops; drop height; specimen optically functioning preconditioning procedure; or non-functioning;

recovery procedure; initial measurements and performance requirements;

measurements during test and performance requirements; final measurements deviations. Coupling proof torque Purpose and performance requirements;

The purpose of this procedure is to establish a safety factor or minimum level of reliability for the overload torque capabilities of twist type coupling mechanisms. The procedure is applicable to threaded or bayonet twist type coupling mechanisms only.
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This procedure consists of mating the specimen in the normal fashion and then applying an overload torque to the coupling mechanism. 4.5.15.3 Apparatus

The apparatus consists of: - suitable clamps, jaws or other means to hold the specimen in proper alignment during the test: a torque measuring instrument: a torque generator; the torque may be applied manually. Procedure instructions.

4.5.15.4

a) Properly mate the specimen in accordance with the manufacturer's b) Apply the specified overload torque. c) Maintain the torque for 15 s minimum. 4.5.15.5 Severity

The severity consists of the overload torque. The severity shall be specified in the relevant specification. The following preferred severities are non-mandatory this test. severities which may be applied for

I
4.5.15.6 Details to be specified

Overload torque N.m

I

The following details, as applicable, shall be specified in the relevant specification: 4.5.16 overload torque; specimen optically functioning or non-functioning; preconditioning procedure;

recovery procedure; initial measurements and performance requirements: measurements during test and performance requirements; final measurements and performance requirements; deviations. Mould growth

This procedure is conducted in accordance with IEC 68-2-10 (test J).
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4.5.16.1

Purpose

The purpose of this procedure is to determine the effects of mould growth on the optical and mechanical properties of a connector set. It investigates unforeseen causes of deterioration in specimens, whether or not these are constructed from mould-resistant materials, by the application of either of two test variants depending on the prescribed severity.

4.5.16.2

General description chamber for

The specimen is exposed to the specified culture in a suitable environment the specified time. The procedure offers two variants.

Variant 1 assesses the extent of mould growth after 28 days, incubation and any physical damage caused thereby and, if required by the relevant specification, by checking the effect on functioning of the specimen after incubation extended to a total of 84 days.

Variant 2 assesses the extent of mould growth after 28 days, incubation following quasicontamination with nutrients and any physical damage caused thereby and by checking the effect on the functioning of the specimen.

WARNING NOTE - There are potential health hazards associated attention should be given to appendices A and C of IEC 68-2-10.

with these tests and

4.5.16.3

Apparatus

The apparatus consists of: a suitable environmental chamber in accordance with test J of IEC 68-2-10; lids in accordance with test J of

- containers IEC 68-2-l 0. 4.5.16.4

of glass or plastic with close-fitting

Procedure

Conduct the procedure in accordance with test J of IEC 68-2-10. 4.5.16.5 Se verity

The severity consists of the combination of the cultures or spores to be grown and the duration of exposure as defined by the test variant. The severity shall be specified in the relevant specification. The following preferred severities are non-mandatory this procedure: severities which may be specified for
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Table

5 - Cultures

or spores

No.

Name

Strain

Typical culture (for guidance only)

Nature

1

Aspergillus

niger

V Tieghem

ATCC,

6275

Grows profusely on many materials and is resistant salts to copper

2

Aspergillus

terreus

Thorn.

PQMD.

82

j

Attacks plastic materials Attacks paints lacquers Attacks leather plastics and

3

Aerobasidium pullulans Poecilomyces vario tii Penicillium funicolosum

(De Barry) Arnaud Bainier

ATCC.

9348

4

IAM. 5001

and

5

Thorn.

IAM. 7013

Attacks many materials especially textiles

6

Penicillium ochrochloron

Biourge

ATCC,

9112

Resistant to copper salts and attacks plastics textiles and

7

Scopulariopsis brevicaulis

Bain Var. Glabra Thorn. Perso. Ex. Fr.

(Sacc.)

IAM, 5146

Attacks

rubber

8

Trichoderma viride

IAM, 5061

Attacks textiles

cellulose and plastics

4.5.16.6

Derails to be specified details, as applicable, shall be specified in the relevant specification:

The following

test variant per test J of IEC 68-2-10; cultures and spores to be used; specimen optically functioning preconditioning procedure; or non-functioning;

recovery procedure: initial measurements measurements and performance requirements;

during test and performance, requirements; and performance requirements;

final measurements deviations.

4.5.17

Cold (test Ab).

This procedure is conducted in accordance with IEC 68-2-l
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Purpose the suitability of connectors for use and/or

The Purpose of this procedure is to determine storage under conditions of low temperature.

This procedure relates to a gradual reduction in temperature and is for specimens which are subjected to a low temperature for a time long enough for the specimen to achieve temperature stability. It does not permit the assessment of the ability of specimens to withstand or operate during temperature variations. In this case, "Rapid change of temperature" (see 4.5.22) would be used.

4.5.17.2

General description

The specimen is placed in a chamber at ambient temperature. The temperature is then lowered to test temperature at a rate not to exceed 1 "C per hour and maintained at that temperature for the specified duration, At the end of the period, the specimen remains in the chamber while the temperature is raised to ambient. It is then allowed to attain temperature equilibrium at ambient temperature before final measurements are carried out. 4.5.17.3

Apparatus
consists of an environmental chamber in accordance with test Ab of IEC 66-2-l.

The apparatus 4.5.17.4 Conduct 4.5.17.5 The severity

Procedure
the procedure Se verity consists of the combination severities of the temperature and duration which of exposure. for in accordance with test Ab of IEC 68-2-l.

The following preferred this procedure: r

are non-mandatory

severities

may be specified

Temperature "C

Duration h

-65 -55 -40 -25 -10 -5 +5

2 16 72 96

4.5.17.6 The following -

Details to be specified
details, as applicable, shall be specified in the relevant specification:

temperature; duration of exposure;
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recovery procedure; initial measurements measurements and performance requirements;

during test and performance requirements; and performance requirements;

final measurements deviations.

45.18

Dry heat

This procedure is conducted in accordance with IEC 68-2-2 (test Bb). 4.5.18.1 Purpose of connectors for use and/or

The purpose of this procedure is to determine the suitability storage under conditions of high temperature.

This procedure relates to a gradual increase in temperature and is for specimens which are subjected to a high temperature for a time long enough for the specimens to achieve temperature stability. It does not permit the assessment of the ability of specimens to withstand or operate during temperature variations. In this case, "Rapid change of temperature" (see 4.5.22) would be used.

4.5.18.2

General description

The specimen is placed in a chamber at ambient temperature. The temperature is then raised to test temperature at a rate not to exceed 1 "C per hour and maintained at that temperature for the specified duration. At the end of the period, the specimen remains in the chamber while the temperature is lowered to ambient. It is then allowed to attain temperature equilibrium at ambient temperature before final measurements are carried out. 4.5.18.3 Apparatus of an environmental chamber in accordance with test Bb of IEC

The apparatus consists 68-2-2. 4.5.18.4 Procedure

Conduct the procedure in accordance with test Bb of IEC 68-2-2. 4.5.18.5 Se verity and duration of exposure.

The severity consists of the combination of the temperature The severity shall be specified in the relevant specification. The following preferred severities are non-mandatory this procedure.

severities which may be specified for
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Temperature
"C 155 175 200 250 315 400

Duration
h 2 16 72 96

30 40 55 70 65 100 125

4.5.18.6

Details to be specified
specification:

The following details, as applicable, shall be specified in the relevant temperature; duration of exposure;
-

specimen optically functioning or non-functioning; pre-conditioning procedure;

-

recovery procedure; initial measurements measurements and performance requirements;

during test and performance requirements; and performance requirements;

final measurements deviations.

4.5.19

Damp heat.(steady state)

This procedure is conducted in accordance with IEC 68-2-3 (test Ca). 4.5.19.1 Purpose

The purpose of this procedure is to determine the suitability of connectors for use and/or storage under conditions of high relative humidity. The test is primarily intended to permit the observation of effects of high humidity at constant temperature over a given period.

4.5.19.2

General description which is

The specimen is placed in a chamber and subjected to a damp heat environment maintained at 40 "C with a relative humidity of 93 % for a specified duration. 4.5.19.3 Apparatus

The apparatus consists of an environmental chamber in accordance with test Ca of IEC 68-2-3.
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Procedure

Conduct the procedure in accordance with test Ca of IEC 68-2-3. 4.5.19.5 Severity humidity and exposure time.

The severity consists of the combination of the temperature, The severity shall be specified in the relevant specification. The following preferred severities are non-mandatory this procedure:

severities which may be specified for

Exposure

time = 4, 10, 21 or 56 days

4.5.19.6

Derails to be specified

The following details, as applicable, shall be specified in the relevant specification: temperature; relative humidity; exposure duration; special precautions to be taken regarding the removal of surface moisture: specimen optically functioning or non-functioning; pre-conditioning procedure;

recovery procedure; initial measurements and performance requirements; measurements during test and performance requirements; final measurements and performance requirements; deviations.

4.5.20 4.5.20.1

Climatic sequence Purpose consisting of

The purpose of this procedure his to provide standard climatic sequences sequential applications of dry heat, damp heat, cold and low air pressure.

The climatic sequence is based on the standard climatic sequence in clause 7 of IEC 68-1 and is applicable to connectors with climatic categories of 4, 10, 21 and 56 days of damp heat. It shall be carried out in accordance with the procedures and severities specified in the relevant specification.
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4.5.20.2

General description

This procedure is a climatic sequence in which components are exposed to a number of climatic conditioning tests in a fixed order. There are three methods.

Method 1 consists of first exposing the specimen to high temperatures and then to a cycle of damp heat at 55 "C. The damp heat is immediately followed by a cold test so that any water which has entered the specimen at surface cracks will be frozen and cause further damage. Low air pressure completes the check on the sealing of the specimen.

A more severe conditioning is given by method 2 which interposes each of the damp heat cycles. Method 3 is a short sequence intended for lot-by-lot inspection.

a cold test between

Climatic sequence is normally used after environmental tests such as vibration or bump to verify that the specimen has not been cracked or damaged by the environments.

4.5.20.3

Apparatus

The apparatus used in this sequence consists of a suitable environmental chamber or chambers in accordance with the primary procedures dry heat, damp heat, cold and low air pressure. 4.5.20.4 Method 1 a) The specimen shall be subjected to test Ba of IEC 68-2-2 at the upper category temperature or the temperature prescribed in the relevant specification.
NOTE - Where prescribed in the relevant while at the high temperature. specification, measurements may be made on the specimen

Procedure

b) Visually examine the specimen. c) An interval not exceeding 72 h is permitted at this stage of the procedure. During the interval, the specimen shall be kept under normal laboratory ambient conditions, 15"Cto35"C. d) Any specimen with a climatic category of -/-/4 or -/-/lo or -/-121 or -1-56 shall be subjected to test Db, severity B, variant 1 of IEC 68-2-30 for one cycle of 24 h followed by a recovery period of 1,5 h to 2 h. e) Immediately after the damp heat cycle of item d), the specimen shall be subjected to test Aa of IEC 68-2-l for a period of 2 h at the lower category temperature or the temperature prescribed in the relevant specification.
NOTE - Where prescribed in the relevant while at the low temperature. specification, measurements may be made on the specimen

1) An interval not exceeding 72 h is permitted at this stage of the procedure. During the interval the specimen shall be kept under normal laboratory ambient conditions, 15"Cto35"C.
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g) The specimen shall then be subjected to test M of IEC 68-2-13, using the degree of severity described in the relevant specification. The low pressure conditioning shall be carried out at 15 "C to 35 "C for 1 h unless otherwise prescribed in the relevant specification. h) An interval not exceeding 72 h is permitted at this stage of the procedure. During the interval the specimen shall be kept under normal laboratory ambient conditions between 15 "C to 35 "C. i) The specimen number of cycles: shall then be subjected to test Db of IEC 68-2-30 for the following

I

Category
4456 -/-/21 -/-do -/A4

I

Cycles
5 1 1 1

I

j) Where prescribed in the relevant specification, the specimen shall be removed from the chamber after the specified number of cycles, shaken so as to remove droplets of water and within 15 min shall be subjected to the prescribed optical and mechanical tests. k) The specimen shall be allowed to recover for 1.5 h to 2 h under standard conditions for recovery. I) The specimen shall be visually inspected and shall be optically checked as prescribed in the relevant specification. and mechanically

m) Where extended recovery is prescribed in the relevant specification, the specimen shall remain under standard atmospheric conditions for recovery for a further period of 24 h. At the end of this period, the specimen shall be visually inspected and shall be subjected to the insertion loss measurement as prescribed by the relevant specification and shall meet the requirements therein.

Method

2

a) This method shall be applied to specimens of category -L/56 relevant specification. b) The specimen shall be subjected to the requirements
c)

when required in the

of items a) to h) of method 1.

The specimen shall then be subjected to test Db of IEC 68-2-30 for one cycle of 24 h followed by the recovery period of 1,5 h to 2 h.

d) Immediately after the damp heat cycle of item c) of this subclause, the specimen shall be subjected to test Aa of IEC 68-2-l for a period of 2 h at the lower category temperature or the temperature prescribed in the relevant specification. e) The specimen shall be subjected to the procedure of items c) and d) of this subclause for a further three times, followed by the procedure of item c) of this subclause. Where the length of time taken for this series of cycles makes it necessary to interrupt the procedure, one interval not exceeding 72 h is permitted in the procedure. Any such interruption shall occur between a cold cycle and the following damp heat cycle.
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f) Where prescribed in the relevant sectional and/or detail specification, the specimen shall then be removed from the chamber, shaken so as to remove droplets of water and within 15 min shall be subjected to the prescribed optical and mechanical tests.
g) The specimen shall checked as prescribed be visually inspected and shall be optically in the relevant sectional and/or detail and mechanically specification. The

specimen shall remain under standard atmospheric period of 24 h.

conditions

for recovery for a further

At the end of the period, the specimen shall be visually inspected and shall be subjected to the insertion loss measurement as prescribed by the relevant sectional and/or detail specification and shall meet the requirements therein. Method 3
Method 3 is the same as method 1 except that: inspection after the dry heat conditioning 1 for test M shall be applied in only

1) there shall be no requirement item a) of method 1;
2) the low pressure conditioning where prescribed by the relevant 3) in the second test Db, severity one cycle. 4.5.20.5 application B, variant

for visual

in item g) of method specification;

of cyclic damp heat conditioning 1 of IEC 68-2-30, the specimen

in item i) of method 1 for shall be subjected to only

Severity
the damp presswe/

The severity consists of the combination of the dry heat temperature/duration, heat temperature/duration, the cold temperature/duration and the low air duration. Methods 4.5.20.6 The following method; specimen optically functioning procedure; or non-functioning; 1, 2 and 3 have preferred severities within the primary procedures.

Details to be specified
details, as-applicable, shall be specified in the relevant specification:

pre-conditioning recovery initial

procedure; and performance requirements; requirements;

measurements during

measurements final

test and performance and performance

measurements

requirements;

deviations.

Condensation
This procedure is conducted in accordance with IEC 68-2-38 (test Z/AD).
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The purpose of this procedure is to provide a composite test procedure, primarily intended for specimens, to determine in an accelerated manner the resistance of specimens to the deteriorative effects of high temperature/humidity and cold conditions. It is intended to reveal defects in an optical fibre connector caused by "breathing" as opposed to absorption of moisture. The test covers the effect of the freezing of trapped water in cracks and fissures as well as condensation. However, the degree of condensation will vary depending on the size and thermal mass of the connector.

This test differs from other cyclic damp heat tests in that it derives its increased from: -

severity

a greater number of temperature variations or "pumping" actions in a given time; a greater cyclic temperature range;

a higher rate of change of temperature; the inclusion of a number of excursions to sub-zero temperatures.

This type of test is particularly important for components materials, especially those including glass joints. 4.5.21.2 General description

comprising

a variety of different

The specimen is placed in a humidity chamber and subjected to 10 temperature/humidity cycles, each of 24 h duration. During any five of the first nine cycles, after exposure to the humidity sub-cycle, the specimens shall be subjected to cold.

4.5.21.3

Apparatus chambers in accordance with the appro-

The apparatus consists of suitable environmental priate IEC test.
NOTE

- This process may be performed
in IEC 68-2-38 are met.

in either

one or two separate

chambers

provided

the require-

ments specified

4.5.21.4

Procedure

Conduct the procedure in accordance with test Z/AD of IEC 68-2-38. 4.5.21.5 Severity

The severity consists of the combination of the humidity and duration, the cold temperature and exposure time, the cycle time and the number of cold cycles. Test Z/AD of IEC 68-2-38 defines the total 24 h cycle describing in detail the temperature/ humidity cycle, the cold cycle, the 24 h cycle with no exposure to cold and the final cycle.
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4.5.21.6

Details to be specified

The following details, as applicable, shall be specified in the relevant specification: specimen optically functioning pre-conditioning procedure; or non-functioning;

recovery procedure; initial measurements measurements and performance.requirements;

during test and performance requirements; and performance requirements;

final measurements deviations.

4.5.22

Rapid change of temperature

This procedure is conducted in accordance with IEC 68-2-14 (test Na or Nb). 4.5.22.1 Purpose

The purpose of this procedure is to determine the suitability of a specimen to withstand the effects of change of temperature or a succession of changes of temperature. Test Na subjects the specimen to extremes of temperature with a very short change-over time (in essence subjecting the specimen to a series of thermal shocks).

Test Nb subjects the specimen to a more gradual variation of temperature which stresses but does not shock the specimen. 4.5.22.2 General description

The specimen is first subjected to one extreme of temperature for a given period of time. It is then subjected to the other extreme of temperature for an equal period of time.

The difference between tests Na and Nb is in the manner and time of the change-over betwden temperatures. 4.5.22.3 Apparatus chambers in accordance with test Na or

The apparatus consists of suitable environmental Nb of IEC 68-2-14. 4.5.22.4 Procedure

Conduct the procedure in accordance with test Na or Nb of IEC 68-2-14. 4.5.22.5 Severity

The severity consists of the combination of the low temperature, high temperature, duration, change-over time or rate of change of temperature and number of cycles.
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The following preferred this procedure:
High temperature "C

severities

are non-mandatory

severities

which

may be specified

for

Low temperature "C

55 70 85 100 125

155 175 200 250 315

10 5 0 - 5 - 10

-25 -40 -55 -65

Change-over min (test Na)

Temperature change rate Wmin (test Nb)

Cycles

5 (test Na) 2 (test Nb) E

Manual: 2-3 Automatic: < l/2

1 3 5

4.5.22.6

Details to be specified
details, as applicable, shall be specified in the relevant specification:

The following -

high temperature; low temperature; duration cycles; specimen optically functioning procedure; or non-functioning; extreme temperatures;

pre-conditioning recovery initial

procedure; and performance requirements; requirements;

measurements during

measurements

test and performance

final measurements deviations.

and performance

requirements;

4.5.23

Sealing (panel-seals and barrier-seals)
is conducted in accordance with IEC W-2-17 (test Qa).

This procedure 4.5.23.1 The purpose components, 4.5.23.2

Purpose
of this procedure is to determine the effectiveness mating face seals, barrier seals, etc. of seals of connector set

General description

The specimen is mounted on the lid of a pressurized test chamber which is submerged in a liquid. If the specimen leaks, the air escaping is collected. The amount of air collected per unit time is a measure of the air leakage.
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4.5.23.3

Apparatus

The apparatus consists of a test chamber in accordance with test Qa of IEC 68-2-17.

4.5.23.4

Procedure

Conduct the procedure in accordance with test Qa of IEC 68-2-17. 4.5.23.5 Severity air pressure across the seals. The severity shall be

The severity consists of the differential given in the relevant specification.

The following preferred severities are non-mandatory this procedure.
Pressure Nlcm2

severities which may be specified for

10-l 1 34-36

4.5.23.6

Details to be specified shall be specified in the relevant specification:

The following details, as applicable, 4.5.24 test type; direction of application pressure; specimen optically functioning pre-conditioning procedure;

of pressure difference;

or non-functioning;

recovery procedure; initial measurements measurements and performance requirements;

during test and performance requirements; and performance requirements;

final measurements deviations.

Seaiing (water immersion)

This procedure is conducted in accordance with IEC 68-2-17 (test Qf). 4.5.24.1 Purpose of seals when subjecting the

The purpose of this procedure is to evaluate the integrity specimen to immersion under water.
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General description
is immersed either in a water tank at a specified to achieve the specified pressure head. depth or in a pressure

The specimen water chamber 4.5.24.3

Apparatus

The apparatus consists of either a water tank or a pressure water chamber in accordance with test Qf of IEC 68-2-17. 4.5.24.4 Procedure

The procedure shall be in accordance with test Qf of IEC 68-2-17. 4.5.24.5
The severity

Severity
consists of the pressure head of water. The severity shall be specified in the

relevant specification. The following cedure. severities are non-mandatory severities which may be specified for this pro-

I

Water head m
0,15
0.40 1.00 1,50 4,oo 6,00 10,oo 15.00

4.5.24.6

Details to be specified shall be specified in the relevant specification:

The following details, as applicable, water head; wetting agent allowed; specimen optically functioning pre-conditioning procedure;

or non-functioning;

recovery procedure; initial measurements measurements and performance requirements; requirements;

during test and performance and performance

final measurements deviations.

requirements;

4.5.25

Sealing (hermetic)

This procedure is conducted in accordance with IEC 68-2-17 (test Qk).
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Purpose

The purpose of this procedure is to ensure the integrity of hermetic seals.
4.5.25.2

Description

This procedure contains two test methods. Method 1 consists of impregnating of the specimen is then measured valent standard leak rate deduced. not contain gas retention surfaces the results. Method 2 is similar to intended for specimens large portion of helium. that required at the end the specimen with helium under pressure. The leak rate under vacuum with a mass spectrometer and the equiThis method is only applicable to specimens which do such as joints or organic materials as they may impair

method 1 except that the impregnation phase is omitted. It is that were filled, during manufacture, with a mixture containing a This method is not suitable for general hermetic testing such as of environmental tests.

4.5.25.3

Apparatus

The ,apparatus consists of: equipment for helium pressure application in accordance with test Qk of IEC 68-2-17; a mass spectrometer Procedure in accordance with test Qk of IEC 68-2-17.

4.5.25.4

Conduct the procedure in accordance with test Qk of IEC 68-2-17. 4.5.25.5 Se verity

The severity shall be specified in the relevant specification. Test Qk of IEC 68-2-t' contains non-mandatory severities which may be specified for this procedure. 4.5.25.6 Details to be specified shall be specified in the relevant specification:

The following details, as applicable, test method;

severity from test Qk of IEC 68-2-17; test parameters test parameters (method 1); (special cases) (method 1);

maximum immersion pressure allowed for the device type (method 1); gross leaks: detection method to be used; time constant (method 2); specimen optically functioning preconditioning procedure; or non-functioning;

recovery procedure;
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-

initial measurements measurements

and performance requirements;

-

during test and performance requirements; and performance requirements;

final measurements deviations.

4.5.26

Corrosive atmosphere (salt mist)

This procedure is conducted in accordance with IEC 68-2-l 1 (test Ka). 4.5.26.1 Purpose

The purpose of this procedure is to compare the resistance to deterioration from salt mist of specimens of similar construction. This test is useful for evaluating the quality and uniformity of protective coatings. The following restrictions shall be taken into account:

-

the test is unsuitable

as a general salt corrosion test; of individual specimens

it is also considered to be unsuitable for the evaluation intended for use in salt laden atmospheres. 4.5.26.2 General description

The specimen is exposed to a salt mist environment within a test chamber maintained temperature of 35 "C. 4.5.26.3 Apparatus

at a

The apparatus consists of:
-

an exposure chamber with racks for supporting specimens; a salt solution reservoir with means for monitoring an adequate level of solution:

-

a means for atomizing the salt solution, including suitable nozzles and compressed air supply; a chamber heating means and control; a means for humidifying the air at a temperature above the chamber temperature.

-

The apparatus shall be in accordance with test Ka of IEC 68-2-l 1. 4.5.26.4 Procedure

Conduct the procedure in accordance with test Ka of IEC 68-2-l 1. 4.5.26.5 Severity of the duration of exposure. The severity shall be specified in the

The severity consists relevant specification. The following preferred this procedure.

severities

are non-mandatory

severities

which may be specified

for
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Duration h
16 24 40 96 168 336 672

4.5.26.6

Details to be specified

The following details, as applicable, shall be specified in the relevant specification: duration; specimen optically functioning or non-functioning; pre-conditioning procedure;

- . recovery procedure; 4.5.27 4.5.27.1 initial measurements and performance requirements; measurements during test and performance requirements; and performance requirements:

final measurements deviations. Dust Purpose

The purpose of this procedure is to determine the effects of dust on connector sets.

4.5.27.2

General description within a conditioning chamber

The specimen is exposed to a specified dust concentration in which the air is circulated over a period of time. 4.5.27.3 Apparatus

The apparatus consists of: , -

a test chamber; a measuring device; dust.

-

Test chamber The test 35 "C f produce a period chamber shall be capable of being raised to and maintained at a temperature Of 2 "C with a relative humidity not exceeding 60 %. It shall be adjustable SO as to a dust concentration sufficient to deposit 25 g f 5 g on the measuring device Over of 5 min.
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\

Five equal and symmetrical dust inlets

Material: 0.71 mm thick brass sheet

r
Dimensions in millimetres

Detachable

tray

Figure 48 Dust The dust shall be capable of passing @sieve of 150 pm aperture, 4.5.27.4 Procedure test chamber dust concentration to the operating conditions given in

a) Adjust 4.5.27.3. b)
Ph.?

specimen into the test chamber for the specified duration.
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The severity consists relevant specification.

The following preferred severities are non-mandatory this procedure.
Duration min

severities which may be specified for

LI 4.5.27.6 Details to be specified

5 10 30 60

The following details, as applicable, shall be specified in the relevant specification: duration of exposure; specimen optically functioning pre-conditioning procedure; or non-functioning;

recovery procedure; initial measurements measurements and performance requirements;

during test and performance requirements; and performance requirements;

final measurements deviations.

4.5.28

Industrial atmosphere (sulphur dioxide)

This procedure is conducted in accordance with test Kc of IEC 66-2-42. 4.5.28.1 Purpose

The purpose of this procedure is to assess the corrosive effects of atmospheres polluted with sulphur dioxide on components. The procedure is only suitable for comparative purposes and is a general corrosion test as it may not predict the behaviour of components in use. 4.5.28.2 General description

The specimen is exposed to the sulphur dioxide for a specified duration of time. 4.5.28.3 Apparatus

The apparatus consists of a test chamber in accordance with test Kc of IEC 66-2-42.
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4.5.28.4

Procedure
the test in accordance with test Kc of IEC 68-2-42.

Conduct

4.5.28.5

Se verity
of the duration of exposure. The severity shall be specified in the

The severity consists relevant specification. The following preferred this procedure.

severities

are non-mandatory

severities

which

may be specified

for

4.5.28.6 The following -

Details to be specified
details, as applicable, shall be specified in the relevant specification:

duration; sjiecimen optically functioning procedure; or non-functioning;

pre-conditioning recovery initial

procedure; and performance requirements; requirements;

measurements during

measurements final

test and performance and performance

measurements

requirements;

deviations.

4.5.29

Low air pressure
is conducted in accordance with test M of IEC 68-2-13.

This procedure 4.5.29.1

Purpose
on a specimen of reduced air

The purpose of this procedure is to determine the effect pressure, such as might be encountered at high altitudes. 4.5.29.2

General description

The specimen is introduced into the chamber at standard atmosphere and temperature conditions. The pressure within the chamber is then reduced to the specified value. The air pressure is maintained for the required duration, after which it is to be returned to normal.
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4.5.29.3

Apparatus consists of an environmental chamber in accordance with test M of IEC

The apparatus 68-2-l 3.
4.5.29.4

Procedure

Conduct the test in accordance with test M of IEC 68-2-13.
4.5.29.5

Severity and duration. The severity

The severity consists of the combination of the air pressure shall be specified in the relevant specification. The following preferred severities this procedure:
Air pressure kPa

are non-mandatory

severities

which may be specified for

Duration

1 2 4 8 15

25 40 55 70 64

5 min 30 min 2h 4 h 16 h

4.5.29.6

Details to be specified shall be specified in the relevant specification:

The following details, as applicable, air pressure; duration; specimen optically functioning pre-conditioning procedure:

or non-functioning;

recovery procedure; initial measurements
-

and performance requirements; requirements;

measurements

during test and performance

final measurements 4.5.30 deviations. Solar radiation

and performance requirements;

This procedure is conducted in accordance with test Sa of IEC 68-2-5. 4.5.30.1 Purpose

The purpose of this procedure is to assess the effects of solar radiation on the materials of a specimen. It is intended to simulate the radiation experienced at the surface of the earth.
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WARNING NOTE - Intended users of solar radiation tests are cautioned regarding the health hazards associated with tests of this nature. Clause 9 of IEC 68-2-9 deals with this subject.
4.5.30.2

General description

The specimen is subjected to an irradiance of 1,120 kW/m2 with a prescribed spectral distribution. The test includes three methods differing in the irradiation cycle times.

Method A A 24 h cycle, with 8 h of irradiation and 16 h of darkness, repeated as specified. This results in a total irradiation of 8,96 kWh/m2 per diurnal cycle and approximates the most severe natural conditions. Method B A 24 h cycle with 20 h of irradiation and 4 h of darkness, results in a total irradiation of 22,4 kWh/m2 per diurnal cycle. Method C Continuous 4.5.30.3 irradiation Apparatus for specified duration. repeated as specified. This

The apparatus shall be as specified in test Sa of IEC 68-2-S. 4.5.30.4 Se verity of the duration of exposure. The severity shall be specified in the

The severity consists relevant specification.

The following preferred severities are non-mandatory this procedure:
Duration days or cydes 3 10

severities which may be specified for

L_
56

4.5.30s

Derails to be specified

The following details, as applicable, shall be specified in the relevant specification: test method; means of supporting temperature specimen;

required within enclosure during test;
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permissible conditions;

air velocity

within

enclosure;

optically

functioning procedure;

or non-functioning;

pre-conditioning recovery initial

procedure: and performance requirements; requirements;

measurements during

measurements

test and performance and performance

final measurements deviations.

requirements;

4.5.31

Nuclear radiation

It is recognized that optical fibre connectors may be subjected to nuclear radiation which could influence their performance. However, there appears, at present, to be no basis upon which a comprehensive test procedure can be devised. With, metallic ferrule type connectors, the most significant effect of nuclear radiation is likely to be that due to change in transmission characteristics of the fibres used. As such, these effects are covered by the relevant fibre/cable specifications (see IEC 793-l and IEC XXX D8 Nuclear Radiation Tests).

For connectors using lenses or index matching materials, there may well be changes in transparency and alignment. Also, polymeric materials in any connector may be degraded and their mechanical characteristics changed. These effects could lead to a direct optical impairment or indirect (by, for instance, damage to a seal, etc.).

Because of the wide range of radiation conditions, coupled with uncertainty regarding specific effects, it is recommended that connectors and assemblies be tested under the radiation conditions likely to be incurred during use. It is therefore recommended that such test conditions and requirements be given in the appropriate detail specification.

4.5.32 4.5.32.1

Mechanical endurance Purpose

The purpose of this procedure is to evaluate the effects of a number of successive cycles of engagement and separation on a specific coupling mechanism of a connector set.

4.5.32.2

General description

The specific coupling mechanism under evaluation is subjected to a number of successive cycles of engagement and separation. When the connector set involves more than one coupling mechanism, the cycles are conducted with all other mechanisms properly engaged.

IS QC 210000 : 1994 IEC QC 210000 : 1993 4.5.32.3

Apparatus

The apparatus consists of: suitable clamps, jaws or other means to hold the mating connector halves in proper alignment during the test; a means of applying the force or torque to engage and separate the specimen. The force may be applied manually. 4.5.32.4 Procedure shall consist of one normal full engagement and separation of the coupling to be evaluated. When the connector set involves more than one coupling the cycles shall be conducted with all other mechanisms properly engaged. shall be accomplished according to the manufacturer's instructions. The minimum time between each

a) A cycle mechanism mechanism, The mating

b) Cycle the coupling mechanism as prescribed. engagement and separation shall be 3 s. 4.5.32.5 Severity of the number of cycles.

The severity consists relevant specification.

The severity

shall be specified

in the

The following preferred severities are non-mandatory
this procedure:

severities which

may

be specified

for

1

Cycles
50 100 250 500 1000 2000 5000

4.5.32.6

Details to be specified

The following details, as applicable, shall be specified in the relevant specification: coupling mechanism to be cycled (multiple mechanisms only); cycles; specimen optically functioning pre-conditioning procedure; or non-functioning;

recovery procedure; initial measurements measurements and performance requirements;

during test and performance requirements; and performance requirements:

final measurements deviations.
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4.5.33 4.5.33.1

High temperature endurance Purpose of connectors for use and/or

The purpose of this procedure is to determine the suitability storage at high temperatures for extended periods. 4~5.33.2 General description

The specimen is placed in a suitable environmental chamber and gradually raised to the required temperature. It is allowed to stabilize and is then maintained at the elevated temperature for an extended period of time. Finally, the chamber is allowed to gradually cool. 4.5.33.3 Apparatus

The apparatus consists of a chamber capable of maintaining the specified endurance temperature with a tolerance of k5 "C. The chamber shall be such that the specimen is not subjected to direct radiation from the heating of the chamber. 4.5.33.4 Procedure

This test shall be conducted in accordance with test procedure "Dry heat" (see 4.5.18).

4.5.33.5

Se verity temperature and duration. The

The severity consists of the combination of endurance severity shall be specified in the relevant specification.

The following preferred severities are -non-mandatory severities which may be specified for this procedure:
1

Temperature "C 155 175 200 250 5 25 50 100

Duration h

30 40 55 70 100

i

250 !500 1000 2ooo

4.5.33.6

Details to be specified

The foliowing details, as applicable, shall be specified in the relevant specification: -

endurance temperature:
i

duration; specimen optically functioning or non-functioning; preconditioning procedure;

.-

recovery procedure; initial measurements and performance requirements;
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-

measurements

during

test and performance

requirements;

final measurements deviations.

and performance

requirements;

4.5.34 4.5.34.1

Resistance to solvents and contaminating Purpose

fluids

The purpose of this procedure is to determine the effect of a specific solvent or contaminating fluid on a specimen. 4.5.34.2 General description specimen is not

The specimen is immersed in the fluid for a period of time. A specific immersed in more than one fluid. 4.5.34.3 Apparatus

The apparatus consists of: an appropriate container(s) for the fluid;

a heat source to heat the fluid; an oven to dry the specimen. Procedure the specimen and the fluid as specified. the fluid temperature.

4.5.34.4

a) Pre-condition

b) Immerse the specimen for 18 h while maintaining c)

Remove the specimen and wipe clean of surplus fluid.

d) Oven dry for 2 h at 70 "C. 4.5.34.5 Severity The sever-

The severity consists of the combination of the fluid and the fluid temperature. ity shall be specified in the relevant specification. The following preferred severities this procedure. are non-mandatory severities

which may be specified for
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Table 6 - Fuels, lubricants,

hydraulic fluids and anti-freeze

agents
Test temperature "C

Chemical

description

A mixture

of toluene

(aromatic) fuel

30 % and iso-octane

(aliphatic)

70 % (V/V)

40 70

f2 f2 *2 *2 *2 f2 f2 *2 +2

Wide cut aviation Di-octyl Mineral Castor sebacate

turbine (aircraft

turbine

engine

lubrication

oil)

150 70

oil, viscosity

approximately

15 cSt at 38 "C hydraulic fluid) fluid) grease) fluid)

oil 20 %, ethoxyethanol ester silicone hydraulic

80 % (V/V) (normal hydraulic hydraulic

20 70 150 20 20

Phosphate Dimethyl Lithium

fluid (synthetic

fluid (high-temperature oil grease (de-icing

soap/synthetic glycol

(low-temperature fluid)

Monopropylene

Table 7 - Cleaning agents and moisture repellents
Test Chemical description temperature "C 15to35 15to35 15to35 jelly 15to35

Carbon

tetrachloride type C

Trichlorethylene. White spirit

Petroleum

4.5.34.6

Details to be specified details, as applicable, shall be specified in the relevant specification:

The following -

test fluid; specimen optically functioning pre-conditioning procedure; or non-functioning;

recovery procedure; initial measurements measurements and performance requirements;

during test and performance requirements; and performance requirements;

final measurements deviations.
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Effectiveness Purpose

of clamping

device against

cable nutation

4.5.35.1

The purpose of this test is to assess the ability of the cable clamping devices, anchorages and boots of optical fibre connectors to withstand the severe mechanical stresses associated with cable nutation and maintain their role in preventing damage to the fibre in the vicinity of the connector and of the fibre termination. 4.5.35.2 Genera/ description torque, of the cable adjacent cone being at the connector

Cable nutation is defined as a rotation, substantially without to the connector in a conical path, the apex of the swept cable clamp. It is intended to simulate rough handling

of a fibre cable at an equipment

interface.

4.5.35.3

Apparatus

An example of suitable apparatus for the performance of this test is given in figure 49. The connector and cable under test shall be attached to a suitable clamp or a panel mounting adaptor which is able to describe a circle without axial rotation i.e. the line XX remains vertical. The remote end of the cable is attached via a pulley to a tensioning mass, selected, unless otherwise specified in the detail specification, from the following preferred values:
Cable load

kg
1 2 3 4 8 16

to prevent unrealistic The remote cable end should also be properly terminated of the test. movement of the cable constituents from reducing the effect

relative
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under

test

I

n

_4~_&iJ fY
I
Swivel pulley

0
R

Figure 49 4.5.354 Procedure

The rotating support member shall preferably be turned through cycles of 360" at a rate of 10 to 20 cycles per minute. 4.5.35.5 Requirements

There shall be no visual signs of damage to the cable structure in the vicinity of the connector; there shall be no fibre breaks; there shall be no perceptible disturbance of the fibre termination(s); there shall be no permanent axial movement of the cable relative to the connector; the required insertion loss level shall be maintained. 4.5.35.6 Details to be specified

The following details, as applicable, shall be specified in the relevant specification: number of cycles in the test; applied load; cable/field type; mounting details; initial measurements and performance requirements measurements during test and performance requirements; and performance requirements;

final measurements deviations.
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NOTES A reference insertion loss measurement 1 nutation test is recommended. with the complementary connectorlfibre. prior to and after the

The radius of the swivel pulley should not be smaller 2 the cable used.

than the minimu?

bending radius specified

for

4.5.36

Insertion

and withdrawal

forces for back-panel

connectors

4.5.36.1

Purpose

The purpose of this procedure is to measure the insertion and withdrawal forces df a fibre optic back-panel connector under specified mechanical and climatic conditions.

4.5.36.2

General

description

This test applies particularly to push-pull type coupling mechanism connector mounted on back-panels, racks or in equipment parts.

sets to be

This test may be carried out in a temperature chamber. In which case the insertion and withdrawal forces can be applied from outside the chamber by means of a rod (R) introduced through the chamber wall.
4.5.36.3 Apparatus

The apparatus consists of: mechanical translation equipment (MTE);

- measurement set (MS) to measure the insertion and withdrawal forces; e.g. a load meter with a maximum indicating gauge;
-

a rod connecting the MTE to the MS; temperature chamber (CH), if required; connector mounting plates (MP).
Procedure

-

4.5.36.4

The connector set under test, consisting of parts (A) and (B) shall be mounted to the MPs which in turn shall be fixed to the MTE. It shall be ensured that the prescribed mating conditions are met: e.g. the angle between the axes of the connector parts (A) and (8) and the eccentricity of these axes.

An example of the test arrangement is shown in Figure 50. Insertions and withdrawals shall be carried out whilst monitoring these forces for a specified number of mating cycles. The applied speed during insertion and withdrawal shall be as constant as possible and shall not exceed 0,05 m/s.
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The number

of insertion

and withdrawal

repetitions

shall

not exceed

10 per minute.

Friction effects on the MTE may introduce measurement uncertainty and therefore their influence shall be eliminated or compensated, e.g. by moving the MTE forward and baokward, without coupling the connector set, and zeroing the gauge MS.

L_J

l-

4

Figure 50 4.5.36.5 The severity Severity of the test is determined of mating cycles; and withdrawal repetitions. by:

the number

the rate of insertion Details details

4.5.36.6 The following

to be specified as applicable, shall be specified in the relevant specification:

-

details

for mounting

the connector

parts A and B on to the MPs; angle and eccentricity between the axes of thf

maximum and minimum allowable connector parts prior to mating; number of mating cycles; and withdrawal;

rate of insertion speed during

insertion

and withdrawal,

if necessary;

limits for insertion climatic conditions

and withdrawal (if required)

forces; in accordance with IEC 68; to the connector, if required;

type and length initial

of fibre or cable to be attached and performance

measurements during

requirements; requirements;

measurements final

test and performance and performance

measurements

requirements;

deviations.
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Annex A (informative) Size measurements

When it is required that the measurement method be specified may be selected from the following. This list is not intended presents examples of commonly used methods and indicates should be specified in the relevant specification.

(see 2.2.4.1), the method to be complete. It simply the type of details which

A.1

General

There are a variety of instruments which may be used to measure size dimensions. The instrument to be specified shall be guaranteed to an accuracy of better than one-third of the specified accuracy on the dimension to be measured.

A.2

Size measurement:

method 1
These instruments give measuring the following

This' method consists of using a length measuring instrument. They are suitable for direct readings of length dimensions. dimensional characteristics: the outside or diameter; the internal suitable vertical dimensions dimensions instruments machine of features. of features. are: (only outside dimensions); For example, For example, length,

breadth,

height,

thickness

hole diameter

or hole depth.

Potentially -

Abbe's

a horizontal a universal

metroscope; measuring machine. shall be specified in the relevant specification:

The following -

details, type;

as applicable,

instrument instrument

characteristics allowable

(i.e. uncertainty, measuring force.

scale interval,

sensitivity,

etc.);

the maximum

A.3

Slie measurement:

method 2

This method consists of using a comparator. These instruments measure size dimensions by comparing them to standard gauge blocks, ring gauges or plug gauges. The gauge blocks shall comply with IS0 3650-1978 (E).
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Ring gauges This method outside diameter; internal

and plug gauges is suitable dimensions dimensions

shall comply

with ISO/R

1938-l

979 (E). characteristics: breadth, height, thickness or

for measuring of features. of features, are:

the following For example, for exa'mple,

dimensional length,

hole diameter

or hole depth.

Potentially -

.suitable

instruments comparator;

mechanical optical electrical

comparator; displacement details, gaugejof differential transformer type) or probe. specification:

The following -

as applicable,

shall be specified

in the relevant

type of comparator; characteristics of the comparator gauge (i.e. uncertainty, scale interval, 1938-1979 sensitivity, (E); etc.);

grade of the reference the maximum allowable

in accordance force.

with ISO/R

measuring

A.4

Size measurement:

method 3

This method consists of using "go/no-go" gauges on the dimension to be measured. The gauges shall comply with IS0 3670-1979 (E). This method is suitable for measuring the following dimensional characteristics: outside diameter; internal dimensions dimensions gauges of features. of features. are: For example, For example, length, breadth, height, . thickness or

hole diameter.

Potentially -

suitable

ring gauges; plug gauges; snap gauges; gap gauges. details, as applicable, shall be specified in the relevant specification:

The following -

dimensions

and accuracy

of the gauge; with ISO/R 1938-1979 (E); and retention.

grade of the gauge measuring

in accordance

force to be app1ie.d to the gauge for insertion
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(informative)

Summary of definitions from IEC publications

This annex lists a number of useful definitions from various IEC publications.

6.1

Quality assessment in order to insure that

The totality of measures carried out consistently and systematically a product conforms with the requirements of a stated specification. (IEC QC 001001 - Appendix A) 8.2 Specifkatlon

A detailed statement of a set of requirements to be satisfied by a product, a material or a process, indicating, whenever appropriate, the procedure by means of which it may be determined whether the given requirements are satisfied. (IS0 3534, 4.9). 8.3 Detail specification

A document which gives directly, or by making reference to other documents, all information necessary to describe completely a given component or range of components and to ensure conformance thereof with the requirements for quality assessment. (IEC QC 001001, appendix A) 8.4 Chlef Inspector

A person, acceptable to the National Supervising Inspectorate, who is a member of the organization of the manufacturer and who is responsible for the manufacturer's quality system for the relevant components. This person is the normal means of communication between the National Supervising Inspectorate and the manufacturer. (IEC QC 001001, appendix A) B.5 Qualification approval

A decision by the appropriate national authority that a manufacturer is capable of manufacturing a given component or range of components that meets the requirements of the applicable specification. (IEC QC 001001, appendix A) 8.6 inspection of components

The process of selecting samples from an inspection lot; measuring, examining, testing or otherwise comparing each specimen of these samples with the requirements of the applicable specification; deciding whether the sample complies with the applicable specification and what subsequent action shall be taken with regard to the inspection lot. (IEC QC 001001, appendix A)

131

IS QC

210000

: 1994

IEC QC 210000 : 1993 9.7 Quality conformance inspection

An inspection carried out by or on behalf of the manufacturer under the surveillance of the National Supervising Inspectorate on the components he manufactures, in order to establish that their quality is being maintained in accordance with the requirements of the applicable specification. (IEC QC 001001, appendix A) 9.8 Release

A decision, taken in accordance with the Rules of the System (IEC), that an inspection lot of electronic components has successfully passed all the relevant requirements of its applicable specification(s). (IEC QC 001001, appendix A) 9.9 Lot or batch

The term lot or batch shall mean "inspection lot" or yinspection batch" i.e. a collection of electronic components from which a sample is to be drawn and inspected to determine compliance with the acceptability criteria and may differ from a collection of electronic components designated as a lot or batch for other purposes (e.g. production, shipment, etc.).
NOTE - Each lot or batch shall consist of electronic components of essentially materials manufactured under essentially the same conditions and during a defined the same period. design and

(IEC 419, 2.1, with modified note per Guide 102, annex A) 9.10 Test covered by any one heading and will normally

Test is the complete series of operations consist of the following: a) pre-conditioning b) initial examination c) conditioning; d) recovery (where required); e) final examination and measurements. (where required):

and measurements (where required);

Intermediate measurements

may be required during conditioning

and/or recovery.

(IEC 68-1, 4.1) B.11 Pre-conditioning

Preconditioning is the treatment of a specimen with the object of removing or partly counteracting the effects of its previous history. Where called for, it is the first process in the,test procedure. (IEC 68-1, 4.1 .l)
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Conditioning is the exposure of a specimen determine the effect of such a condition on it. (IEC 68-1, 4.1.2) 8.13 Recovery

Recovery is the treatment of a specimen, after conditioning, the specimen may be stabilized before measurement. (IEC 68-1, 4.1.3) 8.14 Specimen

in order that the properties of

Specimen denotes a component equipment or other item designated accordance with the procedures of this standard.
NOTE

to be tested

in

- The term specimen
e.g. cooling,

covers heating,

any auxiliary mechanical

parts or systems etc.

that are integral

functional

features

of

the specimen,

isolators,

(IEC 68-1, 4.2) 8.15 Relevant specification

Relevant specification is a statement of a set of requirements to be satisfied by a product or material, indicating the procedure necessary to determine whether the requirements given are satisfied. (IEC 68-1, 4.5) 8.16 Insertion loss (of an optical component)

The extra optical attenuation caused by the insertion of an extra optical component into an optical system. [IEC 50(731), term 731-01-501 8.17 Optical fibre connector for the

A fibre optic component normally attached to a cable or piece of apparatus, purpose of providing interconnection/disconnection of fibre optic cables. [IEC 50(731), term 731-05011 B.18 Ferrule

A mechanical fixture, generally bundle or an optical fibre.
NOTES

a rigid tube, used to confine the stripped end of a fibre

Typically, individual fibres of a bundie 1 yield a maximum packing function. 2 3 Non-rigid A ferrule materials generally such as shrink provides

are cemented

together

within

a ferrule

of a diameter

designed

to

tubing

may also be used for ferrule within a connector.

for special

applications.

a means of location

(IEC 50(731), term 731-05-023 133
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B.19

Beam splitter
for dividing an optical term 731-05-161 beam into two or more separate beams.

A device

[IEC 50(731),
6.20

Mode filter
designed to accept or reject a certain term 731-05-231 mode or modes.

A device

[IEC 50(731),
B.21

Mode scrambler, mode mixer
transfer of power between modes in an optical fibre, effectively

A device for inducing scrambling the mode. NOTE - Frequently

used to provide a mode distribution

that is independent

of source characteristics.

(IEC 50(731), 6.22

term 731-05-241

Cladding mode stripper; mode stripper
which encourages the conversion of cladding modes to radiation modes.

A devide NOTES

1 It usually cladding. 2

comprises

a material

having

a refractive

index equal

to or greater

than that of the fibre

The English term `mode

stripper'

is often used imprecisely

to mean `cladding

mode stripper'.

[IEC 50(731),

term 731-05-251
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